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MALIGNANT TUMORS OF THE MALE BREAST 


M. PINSON NEAL, M.D. 
COLUMBIA, MO. 


Diseases, or specifically malignant neoplasms, of the male breast, are 
sufficiently common to be of interest to the practitioner of medicine, of 
significance to his patients and of importance to the surgeon. To many 
members of the medical profession, as well as to the layman, cancer 
of the male breast erroneously appears rather as a myth, and therefore 
inconsequential. 

The literature on cancer of the male breast is interesting and 
instructive, but there is no intent to cover it in detail in this article. 
From it, however, critical and pertinent remarks gleaned here and there 
will be used to substantiate my findings and to emphasize certain points. 
Many of the almost 200 articles that I have read on the subject deal 
with case reports, statistical compilations or clinical studies, and not 
with laboratory, or more specifically histologic, observations, the criteria 
around which the discussion in this paper will be constructed. 

Of the reasons for making this report, the following are worthy of 
enumeration : . 

1. To record a study in which the histopathologic diagnosis has been 
the critical and conclusive feature in a group of 60 malignant new 
growths found in the male breast, and encountered in the laboratory 
diagnosis of 9,279 mammary glands. 

2. To obtain accurate information as to prevalence and types of 
malignant growths of this male organ for the guidance of the members 
of the profession, and as a source for comparison in future studies. 

3. To demonstrate that much of the past statistical material varies 
widely from facts that are found today under an entirely different set 
of conditions than existed in 1890 or even in 1910. 


+. To add material of a practical character to the summed up 
knowledge of the malignant conditions of the breast. 


5. To direct the attention of the medical profession to the adult male 
breast as an organ that is the potential site for malignant new growths, 
and that therefore should be examined as a routine. 

, In 1930, Neal and Simpson ' classified and recorded the diseases 
found in a group of 152 male breasts. The present paper includes data 


From the Department of Pathology, University of Missouri School of Medi- 
cine, 


I Neal, M. Pinson, and Simpson, Burton T.: Diseases of the Male Breast, 
J. Missouri M. A. 27:565, 1930. 





Identifi- 
eation 


Number Number 


467 


97017 


97225 
98579 


99936 
102169 
103408 


Surgeon 


Parmenter 
Wright 
Porter 
Clinton 
Clinton 


Truesdale 
Mulecaly 
Redmond 


Cottis 
La Porte 
Jameson 


Loop 


Lenz 
Clinton 
O’Connor 


Douglas 
Sullivan 
Costello 
Kittinger 
Smith 


McGuire 
Schroeder 
Schreiner 


Schreiner 


Smith 
Drumm 


Manly 
Hovey 


Prince 


Jameson 
Kress 
Hulbert 


Coopernail 
Hafner 


Bush 
Nifong 
VanLengen 
O’ Meara 
Redfield 


Schreiner 
Rowland 


Stewart 
Schreiner 
Fisher 
MeLeod 
Turner 
Smith 
Quinn 
Quinn 
Carpenter 
Stuart 
Kane 


Kelly 


Johnson 
Reid 


Robinson 
McGarvey 


Chandler 


Kress 
Latecher 





z 





Date of 
Opera- 
tion 
Oct. 1905 
Jan. 1914 
Oct. 1914 
Jan. 1915 
June 1915 


July 1915 
Aug. 1915 
Sept. 1915 


May 1916 
July 1916 
- 1916 
. 1916 


. 1917 
. 1917 
. 1917 


1918 
. 1918 
1918 
1918 
1919 


- 1919 
1920 
1920 


1920 


. 1923 
June 1923 
Sept. 1923 


Sept. 1924 
Dec, 1924 


Jan. 1925 
Jan. 1925 
June 1925 
Nov. 1925 
June 1926 


Nov. 1926 
Apr. 1927 


Apr. 1927 
July 1927 
July 1927 
May 1928 
Aug. 1928 
Nov. 1928 
Dec. 1928 
Mar. 1929 
Nov. 1929 
Apr. 1930 
May 1930 


June 1930 


Aug. 1930 
Dee. 1930 


Dee. 1930 
Jan. 1931 


Feb. 1981 
May 1931 
June 1931 


= Ril Be! | 


od 
= 


x 


ad 
— 
ie) 


= 
—_ 
fos) 


od 
— 
& 


- 


OR REE 
2188 


vee 


Baz 


Age at Breast Duration History 


In- Before 


tion volved Operation 


18 mos, 
1 year 
1% years 

6 weeks 


2 years 


3 years 


2 years 
3-4 weeks 

3 years 

6 mos. 


1 year 
6 mos. 


14 mos. 
2 mos. 


1 year 
3 years 


1% years 
Months 


8 mos. 


- 
t 


1 year 


1 year 
Months 


* | 


Years 
1 year 


| | 


1 year 


= | 


4 years 


2 years 
1 year 


Denes | es ele 


Months 


5 weeks 


1 year 


of 
Injury 


14 yrs. 


Years ago 


Repeated 


Year ago 


Repeated 


Biv ebeta 





‘lin ita 
Diagnosis 
Carcinoms 


Careinong 
Carcinoms 
Carcinoms 
Cancer 

Epitheliong 
Careinoms 


Fibroma 


Carcinoma 
Carcinoma 
Carcinoma 
Fibroma 
Carcinoma 
Carcinoma 
Chronie 
mastitis 
Tumor 
Epithelioms 


Carcinoma 


Sarcoma 
t 
Carcinoma 


Carcinoma 


Fibrosares 
Nevus cart 
noma 
Tumor 
Cancer 
Careinoms 
Carcinoma 
Carcinoma 


Carcinoma 


Cancer 


Carcinoma 
Carcinoms 


Growth 


Careinoms 
Syphilis 


Tumor 
Carcinom 


Carcinom 


Sarcoms 
Epithelid 


Histopathol 
Diagnosi: 
edullary carci: 
areinoma sim] 
jbrosarcoma 
irrhous earcin 
edullary carci! 


ihrosarcoma 
ibrosarcoma 
edullary carell 


edullary carci 
et cell eareine 
et cell earcine 


iomyosarcom 


irrhous carcin 
denoeareinom: 
arcinoma simy 


et cell eareinc 
jasal cell earcin 
ledullary carci 
arcinoma simy 
ledullary carci 


denoearcinom: 
jposarcoma 
edullary caret 


edullary carci 


wt cell eareine 
ondromyxost 


elanocarcinom 
irrhous carein 


edullary carci 


brosarcoma 
vus cell carcir 
arcinoma simy 


edullary carci 
uct cell earcine 


irrhous carein 
ledullary carci 
edullary carci 
asal cell carcin 
irrhous carcin 


vus cell carcir 
ymphosarcom 


dullary carci 
ct cell carcine 
irrhous carcin 
lloid careinor 
ithelioma 
dullary carci: 
irrhous carcin 
ithelioma 

ct cell careinc 
et cell carcine 
pherculosis an 
scirrhous care 


vus cell carcin 


benocarcinoms 
lullary careir 


reinoma simy 
eloma 


brosarcoma 
Trhous ¢ arcin 


pet cell carcing 





inoms 
inoms 


inoma 


»inoma 
rinoma 
rinoma 
roma 

cinoma 
rinoma 
onie 

stitis 
nor 

thelioma 


cinoma 


coma 


cinoma 


cinoma 


lignan? 
mor 


ireinoms 


reinoms 


reoms 
nit helio 





sails of Cases 
etails of Case 


- 


Histopathologic 
Diagnosis 
dullary carcinoma 

areinoma simplex 
ibrosarcoma 
irrhous carcinoma 
edullary carcinoma 


ibrosarcoma 
hbrosarcoma ‘ 
edullary carcinoma 


edullary carcinoma 
et cell carcinoma 
et cell carcinoma 


jiomyosarcoma 


irrhous carcinoma 
denoearcinoma 
arcinoma simplex 


et cell carcinoma 
asal cell carcinoma 
edullary carcinoma 
reinoma simplex 
edullary carcinoma 


denocarcinoma 
jposarcoma 
edullary carcinoma 


edullary carcinoma 


ict cell earcinoma 
ondromyxosarcoma 


elanocarcinoma 
irrhous carcinoma 


edullary carcinoma 


brosarcoma 
vus cell carcinoma 
arcinoma simplex 


edullary carcinoma 
ict cell carcinoma 


irrhous carcinoma 
ullary carcinoma 
jullary carcinoma 
sal cell carcinoma 

irrhous carcinoma 


vus cell carcinoma 
ymphosarcoma 


edullary carcinoma 
net cell carcinoma 
rrhous carcinoma 
oid carcinoma 
ithelioma 

dullary carcinoma 
irrhous carcinoma 
ithelioma 

ct cell carcinoma 
uct cell carcinoma 
hhereulosis and 
Scirrhous carcinoma 


vus cell carcinoma 


benocarcinoma 
jullary carcinoma 


reinoma simplex 
yeloma 


brosarcoma 
rrhous carcinoma 
pet cell carcinoma 


Degree of 


Malignancy 


High 
Moderate 
High 
Moderate 
Moderate 


High 
Moderate 
High 
Moderate 
Low 
Moderate 


Moderate 


Low 
Moderate 
Moderate 


Moderate 
Low 
High 
Moderate 
Moderate 


Low 
High 
High 


High 


Moderate 
Moderate 


High 
Low 


High 


Moderate 
Moderate 
Moderate 


High 
Moderate 


Low 
Moderate 
High 
Low 
Moderate 


Moderate 
High 


High 
High 
Low 

Low 
High 
Moderate 


Moderate 


Moderate 
Moderate 
High 


Moderate 
High 


Moderate 
Low 
Moderate 


Mitotic Lymphocytic 


Cells 
Few 
Rare 
Many 
Few 
Few 
Many 
Few 
Many 
Many 
Rare 


Few 


None 





Infiltration 


Scant 
Abundant 
None 

Few 
Moderate 


None 
None 
Small amt. 


Scant 
Seant 
Scant 


None 


Many 
Few 
Many 


Few 
None 
Many 
Many 
Scant 


Scant 
None 
Seant 


Few 


Seant 
None 


Few 
Abundant 


Small amt. 


None 
Scant 
Abundant 


Seant 
Moderate 


Seant 
Seant 
Many 
None 
Myriads 


Scant 


Many 
Many 
Moderate 
Seant 
Few 

Few 
Scant 
Seant 
Scant 
Seant 
Moderate 


Scant 


Moderate 
Moderate 


Moderate 


None 
Few 
Few 


Stroma 


Seant 
Moderate 
None 
Abundant 
Moderate 


None 
None 
Seant 
Moderate 
Much 
Scant 


Seant 


Much 
Moderate 
Moderate 


Moderate 
Seant 
Seant 
Moderate 
Moderate 


Moderate 
Seant 
Scant 


Scant 


Scant 
None 


Seant 
Marked 


Scant 


None 
Scant 
Moderate 


Scant 
Seant 


Abundant 
Scant 
Seant 
Seant 
Moderate 


Seant 
None 


Abundant 
Seant 
Seant 
Scant 
Abundant 
Little 


Moderate 


Seant 


Scant 
Seant 


Moderate 
Seant 


None 
Abundant 
Moderate 


Metastasis 


Axilla 
Axilla 
Axilla 
Axilla 


Retropec- 
toral nodes 


Axilla 


None 
None 
None 


Axilla 
and skin 


Skin; 
tight arm 
Axilla 


Axilla 
None 


Axilla 


None 


Axilla 


Skin 
None 


Axilla 


Prtaebddd tl 


> 
” 
S 
2 


| 


Axilla 


Comment 


Size of orange: extends into axilla 

Began at margin of nipple 

Death after 2 years; metastasis to 
lung and liver 

Histologie invasion of muscle 


Rapid growth; death 7 months 
after operation 

Uleeration of covering skin; 1% 
inch mass below nipple 

Bloody discharge from nipple; 
living 6 years later 

Death after 2 years; metastasis to 
lung and liver 

Oval, slow growing, capillaries 
dilated: roentgen therapy for 2 
years before operation 

Death 5 years later; no evidence of 
carcinoma 

Extensive growth and invading 
axilla 

Slow growing: 8 by 16 cm. oval 
tumor 

Living 5 years later 

Painful for 2 months 

Axillary node hyperplasia only 

No recurrence end of 4 years 

No recurrence end of 2 years 
















No recurrence end of 4 years 

Size of orange; lemon yellow color 

Clinical diagnosis, epithelioma of 
nipple; death 6 months later; 
many metastases 

Death after 6 months; many 
metastases 

Death soon after operation 

Fixed: fast growth for 3 or 4 
months: size of ham, lobulated; 
gelatinous contents 

Marked pigmentation and in node 

Nipple over center and exudes 
serum 

Breast removed 5 months ago; in- 
vades muscle; death in few 
months: wide metastases 

9 by 8 by 8 em. tumor; no recur- 
rence end of 9 months 

Stroma, very vascular; death in 
6 months; carcinoma 

Serous discharge from nipple; his- 
tologic invasion of muscle 

Tumor size of egg 

Followed fall against farm imple- 
ment 

Metastatic nodule near breast 

Death 6 years later: see case report 

Organ twice normal size 


Tumor size of silver dollar and 
irregular 


Tumor size of a man’s fist; small 
round cell type and vascular 
Tumor size of hickory nut 


Colloid-like material abundant 
Pearl-forming epithelioma 
Histologic invasion of muscle 


Hemorrhagic cysts in tumor 

Caseation necrosis and giant cell 
tubercles; amyloid degeneration 
of vessel walls 

Tumor of cutaneous origin; roent- 
gen treatment for several months 


Histologie invasion of muscle, 
marked 


Size of egg; rapid growth, 2 
months; death probably from 
spine metastasis 

Compact embryonic type cells 


Caleareous deposits, marked 





430 ARCHIVES OF SURGERY 


on the 28 malignant tumors reported at that time, and to them have been 
added 32 other malignant neoplasms found in the breasts of men. This 
histopathologic and statistical study is based on a rather unique oppor- 
tunity for studying, restudying and comparing a collection of histologic 
sections from 60 cases of malignant tumors of the male breast, and the 
free use of records pertaining to the cases. Part of this material has 
been sent directly to me by conferring physicians for diagnosis, but the 
greater part of it has come through the cooperation of Dr. Burton T. 
Simpson and the members of his staff at the State Institute for the 
Study of Malignant Disease, Buffalo. 

This group represents material obtained directly from patients going 
to the surgeon and specimens of breasts submitted to the laboratory for 
diagnosis by surgeons distributed over the states of Missouri and New 
York. It, therefore, is more representative of statistical facts and types 
of lesions than if the material were from one group of surgeons to 
whom patients with certain classes of disease gravitate, as their reputa- 
tion is built around a special procedure or treatment. 

I have made the grouping and final classification of these specimens 
of malignant tumors of the male breast and hence they record the 
impressions of a single observer. This should be of greater value than 
compilations of records from many sources and many observers, some 
of whom at least would not hold similar opinions or adhere to a uniform 


terminology or classification. An effort was made early in the study to 
learn the outcome of the condition, but because so few answers were 
obtained from the patients the effort was discontinued. 


EXPERIMENTAL MATERIAL 


This record is based on a pathologic study and comparison of a 
series of 8,873 lesions of the breast in 106,583 specimens that were 
submitted to the State Institute for the Study of Malignant Disease, 
Buffalo, during the period from 1900 to Aug. 26, 1931, and 406 lesions 
of the breast from 10,433 specimens that have been examined in the 
Department of Pathology of the University of Missouri School of 
Medicine, Columbia, between Aug. 1, 1922, and Sept. 10, 1931. Of this 
total of 117,016 surgical specimens examined in the two laboratories, 
9,279 were of the breast, and of this number 308 were from men and 
8,941 from women, while in 30 specimens the sex was not ascertained. 

Classification of Lesions—Of the 308 male breasts examined, 60, 
or 19.48 per cent, contained malignant neoplasms. Of these tumors, 50, 
or 16.23 per cent, were carcinomas, and 10, or 3.25 per cent, were 
sarcomas. It was found that 105, or 34.09 per cent, of the male breasts 
contained benign tumors conforming in type to the same class of new 
growths more regularly found in the female breast. In 143, or 46.42 
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per cent of the breasts, a diagnosis other than neoplasm was made. Of 
the total of 308 lesions, 8, or 2.55 per cent, were carcinomas that began 
in the skin or outer ducts of the nipple; 42, or 13.63 per cent, arose 
from acinus or duct epithelium, as glandular or duct cell carcinomas, 
and 10, or 3.25 per cent, were sarcomas. 

Incidence of Types.—The percentages of different types of growths 
are at great variance with the opinions generally expressed by other 
authors. For instance, Speese* said that nearly 99 per cent of all 
neoplasms of the breast occur in the female, and only about 1 per cent 
in the male. Boyd * stated that carcinoma is the most frequent patho- 
logic lesion in the male breast. Deaver and McFarland * said: “Approxi- 
mately 20 per cent of all tumors of the male breast are benign. The 
vast majority of the remaining 80 per cent are carcinomas—sarcomas 
are exceptionally rare.” Williams’*® records show that cancers con- 


= 2.—Relative Frequency of Mammary Neoplasms 





Williams’> Group, Both Sexes Author’s Series 

— A — of 165 Tumors 
Neoplasms Neoplasms of Breast 
in General, of Breast, in Males, 
per Cent per Cent per Cent 





Cancers 54.5 77.6 30.30 
Sarcomas 9.4 41 
Nonmalignant neoplasms...............-.+.. 24.7 15.7 
OpGB... oscessetecdvbatn stgscudadtneseuseade 11.4 2.6 


Total 100.0 


stituted 77.6 per cent, sarcomas 4.1 per cent, nonmalignant neoplasms 
15.7 per cent, and cysts 2.6 per cent. Winslow® found that of 102 
tumors of the breast, 59.8 per cent were carcinomas, 2.94 per cent, 
sarcomas, and 37.26 per cent, nonmalignant growths; in his group there 
were 3 men and all had benign tumors. 

It will be seen (table 2) that in this series of new growths ‘car- 
cinomas represent only 30.3 per cent, and that the combined malignant 
growths were only 36.36 per cent, and the benign tumors, 63.6 per cent. 
The 165 cases of new growths were only 53.63 per cent of the total 


2. Speese, John: Tumors of the Male Breast, Ann. Surg. 55:531, 1912. 

3. Boyd, William: Surgical Pathology, Philadelphia, W. B. Saunders Com- 
pany, 1925, p. 530. 

4. (a) Deaver, John B., and McFarland, Joseph: The Breast: Its Anoma- 
lies, Its Diseases, and Their Treatment, Philadelphia, P. Blakiston’s Son & Co., 
1917, p. 518; (b) p. 415; (c) p. 576; (d) p. 481; (e) p. 416; (f) p. 683; 
\g) p. 390. 

5. Williams, W. Roger: The Varieties of Mammary Neoplasms and Their 
Relative Frequency, Brit. M. J. 2:576, 1892. 


6. Winslow, Nathan: Tumor of the Breast, Bull. School Med., Univ. Mary- 
land 17:97, 1931. 
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of 308 cases, and those diagnosed as not involving new growths num- 
bered 143, or 46.42 per cent. 

Bryan * stated: “One per cent of all tumors of the breast occur in 
the male, and two per cent of this number are malignant.” That onl 
2 per cent of the tumors of the male breast should be found malignant 
is so obviously an error of computation or of printing that it seems 
absurd to call attention to it, except that the statement has already been 
quoted by other writers. In my group of 165 tumors of the male breast, 
36.36 per cent were malignant (carcinomas, 30.3 per cent, and sarcomas, 
6.06 per cent). 

CARCINOMA 

General Factors and Statistics —Data are recorded on 60 malignant 

neoplasms. Of these, 50 were carcinomas, 42 were of the gland 


(acinus) or duct (columnar) cell type and 8 of cutaneous origin 
(table 4). 


TABLE 3.—Group Diagnoses, Percentages and Ratios 








Total } Ratio 

Poe esas ~ cr Se SF ——_—— Male 
Num- Per - - Per to 

Group Diagnoses ber Cent Female 


Containing malignant tumors 44.45 60 ’ 43.80 1:67.75 
Containing benign tumors.............. 2,429 26.17 . 25.04 1:22.13 


Seat of cysts, mastitis, ete.; not con- 
WO WED ccccccccccnckacccoovceces 2,551 27.49 140 J 25.99 1:17.22 


Necrosis, decomposed, unfixed, ete.; no 
diagnosis possible 144 1.55 


Sex not ascertained ; 0.32 


141 1.519 1:47.00 


3 
Total breasts examined 278 99.98 308 8,941 96.35 1:29.03 





The average incidence of carcinoma of the breast in men is far 
below that in women. It is commonly stated that carcinoma is the most 
frequent lesion of the male breast, but it occurs from 75 to 100 times 
more often in the breasts of women. In 1876, Wagstaffe ® tabulated 
the 60 cases of malignant tumors of the male breast then recorded in 
the English and foreign medical literature, and reported the sixty-first 
case, the only one at that time on record in which both breasts of a man 
were affected. He cited Tauchon as reporting from the “Registers of 
Paris” that for the eleven year period from 1830 to 1840 inclusive the 
number of deaths from cancer was 9,118, of which 5 were from cancer 
of the male breast. In 1919, Fessler ® reported that approximately 700 


7. Bryan, Robert C.: Cancer of the Breast in a Boy Fifteen Years Old, 
Surg., Gynec. & Obst. 18:545, 1914. 

8. Wagstaffe, W. W.: Scirrhus of the Male Breast; Both Glands Affected, 
Tr. Path. Soc., London 27:234, 1876. 

9. Fessler, Julius: Der Krebs der mannlichen Brustdriise, Deutsche Ztschr. 
f. Chir. 172:429, 1922. 





NEAL—TUMORS OF MALE BREAST 433 


cases of cancer of the male breast were found in the literature, accord- 
ing to statistics compiled from twenty-nine authors. In 11,821 compiled 
reports of cases of the breast, he noted that 167 lesions were of the 
male breast and 11,654 of the female breast, which shows 1.41 per cent 
of carcinomas of the breast occurring in men. 

Williams ° said that malignant neoplasms constitute 81.7 per cent of 
all neoplasms of the breast, and only 18.3 per cent are nonmalignant. 
He further said that nearly 99 per cent of all neoplasms of the breast 


TasLe 4.—Histopathologic Types as Found in Sixty Cases of Malignant Tumors 
of the Male Breast 








Number of Per Cent of 
Cases Total 
4. Sarcoma 
Chondromyxosarcoma 
Fibrosarcoma (small spindle cell) 
Leiomyosarcoma (large spindle cell) 
Liposarcoma 
Lymphosarcoma 
Myeloma (myeloid sarcoma) 


Dy as 6 ccd cu binccoccadtncewssepleneeds 


. Carcinoma 
1. Skin type 
Basal cell carcinoma 
Melanocarcinoma 
Nevus cell carcinoma 
Squamous cell carcinoma (epithelioma) 


Total carcinomas of skin 


2. Duct and gland cell carcinoma 
Duct cell carcinoma 
Adenocarcinoma 
Colloid carcinoma 
Medullary carcinoma 
Scirrhous carcinoma 
Cam 5 oo dn h hcg di re hntvndecigsdetiseseicss 


Total duct and gland cell carcinomas................ 
De ind 53 ke dnc diocese saraksqssdtobnsevincs 


ante b tes 9060 cedved pd tectebasbaveres 





occur in women, and only about 1 per cent in men. Deaver and 
McFarland * estimated that only 5 per cent of all tumors occurring in 
men are in the breast, and stated that all writers agree that carcinoma 
is by far the most common variety of new growth in the male breast. 

Our incidence of carcinoma of the male breast as compared to that 
of the female breast is as 50 to 4,014, a proportion of 1 to 80; thus 1.24 
per cent of the carcinomas of the breast occurred in men. Carcinomas, 
however, occurred only 5 times more often in the male breast than did 
sarcomas, whereas in the female breast, carcinomas were found 79 times 
more frequently than sarcomas. 
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Age Incidence-—Deaver and McFarland,** in 1917, in the total of 
the largest series of cases reported during the previous fifty years by 
fifteen surgeons, found the average age in both sexes to be 50.1 years, 
In their own series, it was 49.6 years. In a compilation of 401 cases 
occurring in men, Wainwright *® found that the age at observation 
averaged 54.2 years, and stated that in women most cases occur between 
the ages of 45 and 49, and in men between the ages of 60 and 64: 
about one half of the women and about two thirds of the men are over 
50. The lowest age incidence has been reported as 45.3 years by von 
Winiwarter,™ and the highest as 55 years by Finsterer.** Bryan‘ gave 
the mean age for men as 50 years, and for women as 48. According to 
his record, the disease begins on an average two years later in men 


TABLE 5.—Age 


Distribution for the 56 Cases in Which Age Was Obtained 


Carcinoma Sarcoma 
— A . -_ 
Age Groups Number Per Cent Number Per Cent 


Up to and including 30 years of age 2.1 44.4 
Up to and including 40 years of age...................... 14.9 55.5 
Up to and including 50 years 29.8 5 66.6 
Up to and including 60 years , 61.7 88.8 
41 to and including 60 years of age 22 46.8 : 33.3 
41 years of age and over 85.1 44.4 
61 years of age and over ; 38.3 1 11.1 
71 years of age and over 8 0.0 
81 years of age and over ‘ Z 0.0 


I I akih ck da encdsceadbibescenusstianneee 
Average age 
Earliest age 
Latest age 


* Case of myeloma. 


than in women, and also a relatively larger number of cases begin after 
the age of 70 in men than in women. 

In my series of cases, the youngest male patient who had carcinoma 
was 30 years of age, and the oldest was 89, while the average age for 
the group was 57.7. This is higher than the average age as given by 
other authors. It is to be noted (table 5) that only 29.8 per cent of 
the cases developed before the fifty-first year of age, 85.1 per cent after 
the forty-first year, 38.3 per cent after the sixty-first year, and 17 
per cent after the seventy-first year. This is significant of the role that 
age plays in male mammary carcinomas. This study showed an 


10. Wainwright, J. M.: Carcinoma of the Male Breast, Arch. Surg. 14: 
836 (April) 1927. 


11. von Winiwarter, A.: Beitrage zur Statistik der Carcinome, Stuttgart, 
Ferdinand Enke, 1878. 


12. Finsterer, J.: Zur Pathologie der mannlichen Brustdriise mit besondere 
Riicksicht der Tumoren, Deutsche Ztschr. f. Chir. 84:201, 1906. 


ave 
cart 


tha: 


the 
elay 
ope 
In 

anc 
fift 
Wa 


ave 


cas 
yez 
sw 
vat 
up 
ski 
In 
tra 
tio 
In 
ye 
He 
ple 
wi 
an 
ag 
sp 
th 
lu 

















NEAL—TUMORS OF MALE BREAST 435 





average age for the development of sarcoma of 39.7 years; hence the 
carcinomas as a group began on an average eighteen years later in life 
than did the sarcomas. 

Duration of Tumor at Time of Operation—In the 3 carcinomas of 
the skin for which the duration was stated, the greatest time that 
elapsed from the first knowledge the patient had of the tumor until 
operation was three years, and the shortest time was several months. 
In the 24 gland or duct cell types, the longest period was four years 
and the shortest from three to four weeks, with an average of about 
fifteen months. For the carcinomas as a whole, then, the longest period 
was four years and the shortest from three to four weeks, with an 
average of about fifteen months. 

Trauma.—There was a definite history of trauma in only 4 cases. In 
case 31487, one of nevus cell carcinoma, it was stated that for several 
years the left breast had become sensitive, sore to touch and often 
swollen during cold weather, and that during the winter prior to obser- 
vation, from six to eight months previously, this condition did not clear 
up as it had formerly done. There occurred a breaking out of the 
skin which spread to the size of a dime and thickened, forming a lump. 
In case 33219, one of carctnoma simplex, there was a history of repeated 
trauma to the breast. After an injury to it one year prior to examina- 
tion there developed a hard, painful lump which continued to grow. 
In case 25-20M, one of medullary carcinoma, the patient had for many 
years done cabinet woodwork and modeling of bird houses and toys. 
He often bruised his right breast while using drawing knives, jack 
planes and similar tools. In case 26642M, one of a duct cell carcinoma 
which arose at the outlet of the nipple, there was a statement that in 
an injury eight months prior to operation the patient was thrown 
against a farm implement, and his breast struck a sharp prong on a 
spreader. Afterward he noticed blood on his clothing and a break in 
the skin covering the nipple. Several weeks later he noted a painless 
lump in the nipple. 

Breast Involved.—The breast involved was the left in 14 instances, 
and the right in 10; no statement was made in 26 cases. The positive 
facts here signify little, for in more than one half of the cases the breast 
involved is not known. 

Location in Breast—Statements as to the place of origin in the 
breast or as to where the growth was found at operation are of little 
significance, for in only 8 cases was this information obtained. In 
these, the growth was recorded as beginning at the outlet of the nipple, 
at the margin of the nipple, near the edge of the breast, in the sub- 
stance of the breast and below the margin of the nipple; in one case the 
nipple was over the center of the tumor, in another the tumor was 
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stated to have arisen in the skin over the breast, and in the eighth, case 
15889, there was a clinical diagnosis of epithelioma of the nipple, which 
placed the tumor definitely as involving that part. 


Size of Tumor—tThe referring surgeons described the growths in 
relation to size in the following terms: a 1% inch mass, an 8 by 16 cm. 
tumor, a growth the size of an egg, a nodule and a tumor twice the size 
of the breast, the size of a silver dollar, the size of a hickory nut or 
twice the size of a pigeon’s egg. In 42 instances there was no meiition 
of the size of the tumor. 

Rate of Growth—No specific statement was given in 45 cases as to 
the rate of growth, but from the duration of the tumors and their respec- 
tive sizes, oné may get some idea as to their growth energy. In 1 case, 
the tumor was stated to be of gradual growth, in 2 cases of slow growth 
and in 1 case of slow growth but perceptibly increasing for two months, 
and in the fifth instance it was said to have grown more rapidly during 
the past year. 

Discharge from Nipple.—In only 3 instances was there a statement 
concerning discharge from the nipple, and the discharge was recorded as 
bloody in 1 case and as serous in 2 cases. 

Ulceration—Statements concerning ulceration were not made for 
any of the specimens. In the laboratory examination, ulceration of the 
surface-covering skin was described in 3 cases that were not of cutaneous 
origin. 

Involvement of Muscles—In 1 case, the record stated that there was 
gross invasion of the pectoral muscle, and histologic preparations 
revealed muscle bundles invaded by cancer cells in 7 other cases. Sections 
were not taken particularly for the purpose of showing involvement of 
the muscles, but primarily for diagnosis, and this observation therefore 
was incidental. Under a planned search, it is not doubted that muscle 
invasion would be found in a high percentage of malignant growths of 
the male breast. 

Metastasis to Axillary or Other Tisswe——In 13 instances involve- 
ment of the axillary nodes was present at operation (histologic confir- 
mation or diagnosis). In one of these there were also metastatic 
cutaneous nodules over the thorax. At death 3 of the 13 patients had 
metastatic involvements of the lungs, liver, axillary nodes and skin. In 
1 instance there were metastases only in the skin of the corresponding 
arm, and at death there was generalized carcinomatosis. One patient 
had cutaneous nodules over the thorax, and another had involvement 
of the group of lymph nodes behind the pectoral muscles. Two patients 
who had no involvement of the axillary nodes at operation had general 
metastases to visceral organs at death. Metastases were present at 
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operation in 16 of the 50 cases of carcinoma of the male breast. This 
is indicative of the negligence, indifference and procrastination of men. 
\s was to be expected, the basal cell types showed neither invasion of 
muscle tissue nor metastases in the axillary nodes or elsewhere. 

Previous Treatment.—Only 2 patients gave a history of having had 
any form of treatment before coming to the operator who submitted the 
specimen for diagnosis. One patient (case 29641) had had his breast 
removed because of a tumor five months previously, in Russia. Labora- 
tory examination of the recurrent tumor showed gross and histologic 
involvement of the muscles and axillary lymph nodes. The patient 
died a few months later with generalized metastases. The other (case 
91540), who had a nevus cell carcinoma, had received roentgen treatment 
for several months with no appreciable beneficial results. 

Clinical Diagnosis —The general belief that carcinoma is the most 
common lesion of the male breast is reflected in the frequency with 
which the clinical diagnosis of carcinoma was made. Of the 50 cases, 
in 24 the clinical diagnosis was carcinoma; in 2, cancer; in 3, a malig- 
nant growth, and in 1, epithelioma of the nipple. Thus, in 30 cases 
the condition was labeled by the surgeon as malignant. Of the remaining 
20 cases, no opinion was given on 14; in 2 the diagnosis was tumor, 
and under each of the following terms 1 was classified: growth, fibroma, 
syphilis and chronic mastitis. It is probable that the late stage in which 
these tumors of the male breast were seen and their fixation to skin, 
muscle or thorax were the reason for the high number of clinically 
correct diagnoses made. 


PATHOLOGY OF CARCINOMA OF THE MALE BREAST 





Deaver and McFarland * listed fifty-four terms that have been 
variously used in the diagnosis of carcinoma of the breast, and invited 
simplification of nomenclature. In this paper the terms will be confined 
to a simple classification, and the use of unnecessary and complicating 
terminology eliminated. From the standpoint of anatomic origin and 
histologic types of tissue, the group of carcinomas is divided into: first, 
those that originated in the skin or the outer ducts where the lining cells 
are more or less transitional in type and often produce growths that to 
all appearances are composed of skin type cells, and second, those that 
arose from definite duct (columnar) lining cells, or acinus (glandular) 
type cells. 

Skin Type Carcinoma.—Williams,™ in 1889, recorded 3 cases of 
cancer of cutaneous origin in his 2,422 cases of mammary carcinoma. 





13. Williams, W. Roger: Cancer of the Male Breast, Based on the Records 
t One Hundred Cases, Lancet 2:261 and 310, 1889. 
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He stated that the condition is exceedingly rare in both sexes and that 
Billroth had denied its occurrence in the female breast, but that Czerny 
had later recorded a case, the only one of the kind then on record. 


A striking feature of the histologic study of the 50 carcinomas here 
recorded is found in the 8 instances, or 16 per cent, in which the origin 
was in the skin or the outer ducts (table 4). There is further a marked 
incidence of nevus cell carcinomas and of the pigmented type, or melano- 
carcinomas; 4 occurred in this group of 8 tumors of the skin. This 
frequency of primary growths arising from the skin may be explained 
by the fact that in the male subject the tumors of the skin in general 
are more often encountered than in the female; by the fact that the 
skin over the male breast has not the buffer or bed of protective elastic 
tissue and fat beneath it that is present in the female organ and there- 
fore is affected more readily than the female breast by surface irritation 
and injury ; by occupational injuries and insults, and by the difference in 
clothing. It will be recalled that cancer of the female breast, prior to 
the emancipation of that organ by the advent of the corsetless era, was 
10 times more common among women who wore corsets than among 
those who did not. If this is true, does it not make a difference whether 
a man wears suspenders or garments like overalls with a buckle or 
button located near the breast, where movements of the body produce 
repeated friction or irritation, and where objects carried in the arms add 
further irritation ? 


Basal Cell Carcinoma (Rodent Ulcer): Two cases showing all the 
typical features of basal cell carcinoma were seen. They conformed to 
the true type of this new growth (fig. 1) as it is most commonly found 
about the face. The absence of the lymphocytic cell infiltration, pearl 
formation and hyalinization seen in epitheliomas, with the presence of 
the small, less distinctly defined walls and basic staining of the cells, the 
tendency to form alveolus-like spaces, the “point lace’’ basal edge outline 
and the sharpness of the tumor margin, bespeak an entirely separate 
group from the epitheliomas. In neither of these 2 cases was involve- 
ment of muscles or metastasis to the axilla or elsewhere recorded. 


Nevus Cell Carcinoma and Melanocarcinoma: In this group of 3 
cases of nevus cell carcinoma and 1 of melanocarcinoma, the histologic 
picture showed cells of a type and pigmentation that made it evident 
that the growths were not epitheliomas or basal cell carcinomas, but were 
of epithelial origin like the benign nevi seen in other locations. Three 
of the cases showed a small amount of pigment, whereas in the other 
there was a massive amount. For this reason the growths were diag- 
nosed differently, although the opinion is held that they represented the 
same type of tumor and differed only as to degree of pigment. 
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Sections showed a tumor having peripheral growth and a lobular 
appearance. The lobulations were made up of closely packed cells, with 
varying amounts of intervening stroma. There was little stroma within 
the lobulated-appearing cell masses, and between these masses in some 
instances it was scant and in others abundant. The cells of the masses 


Fig. 1 (case 47200).—Basal cell carcinoma. 


appeared epithelial, small and closely fused, and were thus less distinct 
than in epitheliomas. While the cell outlines were not distinct, the 
nuclei were. In one instance the cells appeared much like those of an 
endothelioma, and, to carry the similarity further, there were alveolus- 


like formations or small, cystlike spaces containing a bluish-staining 


material like a secretion, resembling similar areas of the endotheliomas. 
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In the melanocarcinoma there was a massive amount of pigment jn 
the primary tumor (fig. 2) and in the metastases to the axillary lymph 


Fig. 2 (case 21502).—Melanocarcinoma (pigmented nevus cell carcinoma). 


nodes. Much of the pigment was in the heavy bands of stroma as well 
as within tumor cells. This tumor contained many mitotic cells, and 
it was graded as highly malignant. 
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In one of the cases in which the tumor was designated as a nevus 
cell carcinoma, rio mitotic cells were seen and the stroma was extremely 
vascular. The patient died within six months after operation from 
extensive metastases. In another case the patient had previously 
received roentgen treatments for several months. In this instance 
mitoses were rare, and the stroma was scant. 


Fig. 3 (case 68376).—Colloid carcinoma. 


Epithelioma: The 2 cases recorded as instances of squamous cell 
carcinoma showed nothing unusual or different from these tumors as 
they are encountered elsewhere. Both showed a tendency toward pearl 
formation, invasive, penetrating and branching prolongations, detached 
cell nests, mitotic cells and an infiltration of lymphocytes around their 
borders which even invaded the periphery of the growth. This factor 
of lymphocytic invasion, forming often a more or less definite marginal 
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zone of the tumor, is one that is too often overlooked in the diagnosis 
and differential diagnosis of squamous cell carcinoma. 

Duct and Gland Cell Carcinoma.—Forty-two, or 84 per cent, of the 
carcinomas were placed in this general group. Nine of them had a cell 
content sufficiently like the columnar or duct cell type that they could 


Fig. 4 (case 103408).—Duct cell carcinoma (columnar cell), showing cal- 
careous deposits. 


be grouped as duct cell carcinomas. The other 33 were of the acinus 
or gland type cell, although areas in some of them were much like the 
duct cell variety. 


Duct or Columnar Cell Carcinoma: In these tumors the general 


features of an atypical, organoid neoplasm were found. In many areas 
there was the appearance of a gland (acinus) cell carcinoma, but in 
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greater areas, the cancer cells were definitely columnar and were often 
seen in deposits of single layers either lining spaces, such as ducts (figs. 
4 and 5), or as multiple layers surrounding projections of stroma. The 
cells nearest the stroma were clearly columnar, while the more super- 
ficial or older cells appeared more irregular. Many of the ill formed 
ducts had two or more layers of these cells; often a ductlike space was 


Fig. 5 (case 84686).—Duct cell carcinoma. 


filled or obliterated by the many cell layers. Those in the center of the 
space not rarely showed necrotic changes or had broken down to form a 
granular material. In this group of 9 cases no effort was made to 
divide the growths into scirrhous, medullary or simplex types. 
Adenocarcinoma: The features that led to the coining of the term 


adenocarcinoma and its perpetuation were so pronounced in 3 cases as 
to warrant its use in their diagnosis and classification. These 3 showed 
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definite attempts at glandular formation, such as is seen in adenomas, 
but the growths were atypical and therefore were carcinomas. 
Colloid Carcinoma (Mucoid Carcinoma, Carcinoma Gelatinosum) ; 
In 1 case only were there encountered the degenerative changes that lead 
to this type of tumor. In this instance (fig. 3) there were islands of 
small cells containing hyperchromatic nuclei, and filling the wide spaces 
around these groups were an acidophilic staining material and a scant 
stroma. Within several small lymphatics tumor cell masses were found. 
Medullary Carcinoma, Scirrhous Carcinoma and Carcinoma Simplex: 
Irrespective of the general use of the terms medullary, scirrhous and 
simplex as guides to the proportion between stroma and cancer cells, it 
is felt that it is unwise to depend on this factor alone for special classi- 
fication and as an index to the degree of malignancy. To use this as a 


TABLE 6.—Comparison of Histologic Types of Carcinoma as Recorded 








Warren’s!* Group Wainwright’s?° Author’s Group 
(Female) Group (Male) (Male) 
_.. A A. 





Variety of Cancer Number Per Cent Number Per Cent Number Per Cent 


Paget's disease............ 1 1.00 0.00 
Colloid (gelatinous)....... 2 2.00 { 3.70 
Adenocarcinoma ; Pine oe 3 3.00 16.60 
28 38 49.00 

Carcinoma simplex... 26 . { 3.70 
Medullary.......... o a dine deabake 18.00 
0.00 

9.00 


100.00 





Includes three malignant duct papillomas. 
Includes one basal cell carcinoma. 
Warren’s group, “cancer.” 


final basis for adjudication would necessitate histologic examination of 
many widely separate portions of tumors. This is evident to patholo- 
gists who regularly see sections from a carcinoma showing the charac- 
teristics of the scirrhous type, while other sections taken elsewhere, 
especially from the margin of the growth or from its metastatic 
processes, yield the features of the medullary type. 

In this classification the term carcinoma simplex is used according 
to general custom; that is, for a type of carcinoma having a histologic 
balance of cancer cells and stroma to a degree between the medullary and 
scirrhous types. In the original table of Warren,’* which is used for 
comparison in table 6, he does not use the term carcinoma simplex, 
but groups 26 cases merely under the term “cancer.”’ Since he employs 
the terms medullary and scirrhous, it is presumed that these 26 tumors 


14. Warren, J. Collins: The Operative Treatment of Cancer of the Breast, 
Ann. Surg. 40:805, 1904. 
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constituted a group that could not be placed in either of these types, and 
hence that group has been compared to those that I have termed car- 
cinoma simplex. 


It seems unnecessary to record what is meant by medullary or scir- 
rhous carcinoma or carcinoma simplex. Under these classifications are 
grouped all forms of glandular cell type carcinomas not included as 
adenocarcinoma or colloid carcinoma. They conform in all essentials 
to the same types that occur more commonly in the female breast, with 
the exception that in this group of carcinomas of the male breast there 
was practically no effort at cystic formation and little attempt at acinus 
or gland production. This is the only outstanding difference noted. 


A Case of Tuberculosis and Carcinoma in a Male Breast—Case 90476, diag- 
nosed by Dr. A. A. Thibaudeau, pathologist, State Institute for the Study of 
Malignant Disease, Buffalo, represents a rare, if not unique, condition in the breast 
of aman. The sections of this organ revealed a definitely characteristic scirrhous 
carcinoma which on histologic examination showed a moderate degree of malig- 
nancy, moderate lymphocytic infiltration and a moderate amount of stroma. In 
addition, they contained areas of caseation necrosis surrounded by cellular walls 
composed of lymphocytes, endothelial leukocytes (epithelioid cells) and foreign 
body giant cells; Langhans’ giant cell tubercles, and an amyloid deposit in the 
walls of the arteries and arterioles. The areas of caseation necrosis and tubercles 
occurred largely in the stroma lying between rows or nests of cancer cells. No 
tuberculous lesions were found within groups of cancer cells. Unfortunately, 
sections of the tissue were not available for the application of a special stain 
for acid-fast bacilli, nor was unfixed tissue available for culture or animal inocula- 
tion. While the crucial bacteriologic proof of tuberculosis is out of the question, 
the condition shown by this specimen has been diagnosed as tuberculous on the 
basis that caseation necrosis, Langhans’ giant cell tubercles and amyloid degenera- 
tion were present and in themselves sufficient for that diagnosis. It would have 
been of much interest and scientific value to have been able to follow this 
patient, but although the operation was performed as late as May, 1930, several 
recent communications addressed to the physician have brought no response. 


Swan and Fry,’® in 1926, tabulated 11 cases from the literature and 
reported a twelfth case of tuberculous mastitis in a male subject. They 
stated that, including those seen in the male, less than 200 cases had 
been reported. Morgen ** recently recorded (November, 1931) the 
twentieth case of tuberculosis of the male breast, and stated that in the 
literature he had found in the two sexes more than 439 cases of mam- 
mary tuberculosis. It is of interest to note in the article by Swan and 
Fry that of the 12 approved cases in the male breast, tubercle bacilli 
were found in only 3 instances, and animal inoculation gave positive 


15. Swan, R. H. Jocelyn, and Fry, H. J. B.: Tuberculosis of the Male Breast, 
Brit. J. Surg. 14:234, 1926. 


16. Morgen, Maximilian: Tuberculosis of the Breast, Surg., Gynec. & Obst. 
53:593, 1931. 
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results in 1 of these 3. Thus, in 9 of the 12 cases the diagnosis was 
made without the finding of the organisms or the obtaining of a positive 
reaction in an inoculated animal. 


A Case of Carcinoma of the Male Breast with Bronzing of the Skin and 
Extreme Generalized Metastases at Autopsy.—Only the salient features and per- 
tinent autopsy observations in this case will be recorded. 

D. D. M., aged 69 (case 25-20M), was operated on by Dr. Frank G. Nifong 
at the Boone County General Hospital, Columbia, Mo., on Jan. 9, 1925, for carci- 
noma of the right breast. He was a farmer, but for several years had spent 
much time in woodwork, making toys, bird houses, small cabinets and similar 
articles. In this work he had often bruised the tissues of the right side of the 
chest. 

For several years prior to operation he had noticed a lump the size of a hazel- 
nut in the right breast. This was never painful and had not increased in size 











Fig. 6 (case 25-20M).—A, lateral roentgenogram of thorax, showing meta- 
static tumor in mediastinum. 8B, roentgenogram showing intrathoracic metastases. 


until about two months previously, when it began to show perceptible growth. On 
examination there was found a movable, hard tumor having two apparent nodules 
the size of pigeon’s eggs, under and below the nipple. It was attached to the 
nipple, and the skin over the tumor was dimpled. The breast and tumor were 
removed by a wide excision, the nipple and all tissue down to and including the 
pectoral muscles and fascia being removed. 

The pathologist’s report (M. P. N.) stated that on gross examination there 
was a firm, white nodular tumor immediately beneath and lateral to the nipple. 
Histologically, the growth was an atypical, organoid neoplasm of glandular type 
epithelium, with a tendency for the tumor cells to be arranged in tubular forms, 
but supported by a scant stroma. Mitotic cells were present in moderate num- 
bers, and around the periphery of the tumor there was a small amount of lympho- 
cytic infiltration. The diagnosis was medullary carcinoma. 

On June 3, 1926, the patient presented himself, stating that there had been a 
gradual increase of a growth which had appeared in the scar shortly after the 
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operation seventeen months before. The right mammary region was now the site 
of a mass having a base from 10 to 12 cm. in diameter and elevated about 5 cm. 
It was hard, bluish at the center and apparently ready to break down. The mass 
was movable above the ribs, and there were no palpable glands in either axilla. 
A second operation was performed on June 4, 1926. The tumor was removed 
by electric cautery, a circle about 30 cm. in circumference being made. The 
mass was entirely ablated, and the soldering iron was used to sear the raw sur- 
faces and to cauterize the base. No knife was used, and no vessels were tied. 
The pathologist’s report (M. P. N.) stated that the skin-covered tumor 4 by 6 
by 10 cm. was surrounded at its edges by adipose tissue and rested on muscle. 
Microscopically, the tumor cells were predominant over stroma and extended 
down to and between the sheaths and bundles of muscle fibers. The cells were 


Fig. 7 (case 25-20M).—Aorta, esophagus and longitudinally divided trachea, 
showing marked metastases to lymph nodes. 


large and embryonic in appearance. The diagnosis was a very active medullary 
carcinoma. 


On June 18, 1929, the patient presented himself and stated that a few days 
before he had noticed a nodule below the old scar near the right breast. The 
nodule was freely movable, oval and within the skin. No other nodules were 
found, and there was no evidence of axillary involvement. 

A third operation was performed on June 19, 1929. There was removed by 
electric cautery a nodule the size of a filbert at the lower median quadrant of 
the area of the right breast. 

The pathologist’s report (M. P. N.) stated that the growth was an oval seg- 
ment of skin 1.5 by 2.5 cm. covering a firm, white, irregular nodule 1 by 1.4 cm. 
The edges of the tumor extended to the margin of the specimen of tissue. The 
diagnosis was glandular cell scirrhous carcinoma with a rather definite wall of 
lymphocytes surrounding the periphery. 
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Examination on April 22, 1930, showed: During the past few months the 
patient had lost about 25 pounds (11 Kg.) in weight and had become feeble: he 
now suffered from dyspnea. There was some enlargement in the scar over the 
right ninth costal cartilage; otherwise the scar was pliable and movable. Above 
the clavicles were felt many small lymph nodes in both sides of the neck. Some 
were as large as a filbert and closely attached to the clavicles. The axillary 
glands were not much involved. Roentgenograms (fig. 6) revealed extensive 
involvement of the lungs and mediastinum. 


On Dec. 16, 1930, the patient died, almost six years after the primary opera- 
tion. 


The autopsy observations were as follows: There were general ema- 
ciation, bronze pigmentation of the skin, hemoperitoneum, bilateral hemo- 














Fig. 8 (case 25-20M).—Lung, showing marked metastases to lymph nodes at 
its hilus. 


thorax, hemopericardium and ulcerated recurrent carcinoma of the right 
side of the thorax. There were carcinomatous metastases: in the skin of 
the right side of the thorax, parietal peritoneum, right axillary lymph nodes, right 
infraclavicular and supraclavicular lymph nodes, retroperitoneal and lymph node 
group near the right kidney and bilateral tracheobronchial lymph nodes 
(extensive); in the hilus of the lung (fig. 8) (bilateral); in the peritracheal, 
periesophageal and periaortic (thoracic) lymph node groups (fig. 7) (bilateral) ; 
in the manubrium and gladiolus sterni, with softening and deformity; in the 
left first, second, third, sixth, seventh and eight costal cartilages, the right first, 
second, third, fourth, fifth and seventh costal cartilages and the left and right 
intercostal soft tissues, from the first to the eighth inclusive; in the dome of the 
right side of the thoracic cavity and extending as a growth over the anterior 
surface of the aorta and pericardium; in the right side of the viscerai and parietal 
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pleura in the visceral pericardium and lungs (bilateral) (fig. 9); in the liver 
and suprarenals (bilateral); in the mediastinal soft tissues and the serosa of 
the stomach, with a direct extension beneath the skin of the thorax, across the 
sternum, forming a mass in the left infraclavicular space over the first to fourth 
left costal cartilages. 


Calcareous Deposits—In case 103408 (fig. 4), one of a duct cell 
carcinoma, within the ductlike lumina, and often in otherwise obliterated 
spaces lined by several layers of cells, were found basic-staining blue 
bodies. These had a laminated appearance, some rings being lighter 
and others darker in their staining reaction. They suggested corpora 
amylacea as seen in the prostate, the lungs and some parotid tumors. It 














Fig. 9 (case 25-20M).—Bisected lu 
—_—s* ng, showing mark 
and emphysema. g rked pulmonary metastases 


is believed that they were not formed as any part of a degenerative or 
necrotic change, but were the result of retained secretion within these 
newly formed spaces, and that the retention was followed by this calcium 
deposit from the secreted products of the cells. A similar condition was 
present in the acinus-like spaces of 2 of the adenocarcinomas (cases 6329 
and 13639). Many of the ill formed glands in these 2 tumors were filled 
with a homogeneous, faintly blue basic-staining material like pseudo- 
mucin, and in others there were granular calcium deposits. 

Mitosis —Following a careful observation of the sections of this 
group of 50 carcinomas for evidences of rapidity of growth and degree 
ot malignancy as revealed by the presence and number of mitotic cells, 
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the results were: In 9 instances no mitotic cells were found; in 9 they 
were present, but rare; in 21 they were present but few, and in 11 they 
were present in large numbers. 

Lymphocytic Infiltration—A marked histologic feature of the epi- 
theliomas and of the entire group of duct or gland cell carcinomas was 
the evident and marked lymphocytic infiltration (fig. 10). Many sec- 


Fig. 10 (case 51431).—Scirrhous carcinoma with massive lymphocytic infil- 
tration. 


tions showed the heavy small round cell infiltration. The amount of 
lymphocytic invasion recorded was as follows: scant in 14 instances; 
in small amount in 2; showing a few lymphocytes in 8; moderate in 7; 
abundant in 11, and presenting myriads of lymphocytes in 1. These are 
exclusive of the nevus cell and basal cell carcinoma groups in which 
lymphocytic infiltration was practically absent. 
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Stroma.—The amount of stroma is not particularly recorded here 
for epitheliomas or basal cell carcinomas, for it plays no part in these 
types. In the nevus cell types and those of duct or acinus cell origin, it 
is of some significance. In these, the amount of stroma present was 
scant in 24 instances, about equal in amount with the cancer cells in 
4. moderate in 10 and abundant in 8. 

































Degree of Malignancy.—All the histologic factors being taken 
together, malignancy thus adjudicated has been recorded in only three 
degrees, as it was believed that this was more accurate and more desirable 
than to try to divide the group here termed “moderate” into two sub- 
groups. As the result, 14 tumors were rated as presenting a high degree, 
25 a moderate degree, and 11 a low degree of malignancy. Among those 
rated as of high grade malignancy are the melanocarcinoma and one of 
the epitheliomas. The group of low grade types contains the 2 basal 
cell carcinomas and the colloid carcinoma. 

These cases as a group show a high degree of malignancy, which is 
contrary to the generally made statement that carcinomas of the male 
breast are most often of the scirrhous type and of low grade malignancy. 
The reason for this relatively high degree of malignancy probably lies ‘ 
in the greater reversionary metamorphosis of the male breast toward 7 
a less differentiated, more embryonic type of cells. The high incidence 
of duct cell carcinomas herein recorded indicates such a change in the 
male breast, and it is to be recalled that the incidence of this type of 
cancer in women as recorded is much less than that seen in this male 
group. 
SARCOMA 





General and Statistical Factors ——Of the 60 neoplasms here recorded, 
10 were sarcomas. A case of myeloma is grouped under the general 
term sarcoma, because although the growth would doubtless be termed a 
mixed round cell sarcoma by some pathologists, it is classed as a sarcoma 
of bone or bone marrow by most. In the 10 cases of sarcomas (table 4) 
there were 5 cases of fibrosarcoma, and 1 case each of leiomyosarcoma, 
liposarcoma, lymphosarcoma, myeloma and chondromyxosarcoma. 


Incidence—The general impression is that the average incidence of 
sarcoma of the breast in men slightly exceeds that in women. It has 
been stated ** that mammary sarcoma is approximately 30 times more 
frequent in women than in men, and that sarcoma is next in frequency 
after carcinoma among tumors of the male breast. Contrary to this, 
Schuchardt ** found that in 472 collected tumors of the male breast, 385 






17. Schuchardt, B.: Weitere Mittheilungen zur Casuistik und Statistik der 
Neubildungen in der mannlichen Brustdriise, Arch. f. klin. Chir. 41:64, 1891: 
31:59, 1884: 32:277, 1885. 
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were carcinomas, 19 were sarcomas and 68 were benign growths, and 
Williams ** found 16 carcinomas, 3 sarcomas and 6 benign growths in 
a series of 25 cases of tumor of the breast in men. It has been esti- 
mated that only 5 per cent of all tumors in men occur in the breast, 
and all writers agree that carcinoma is by far the most common variety 
of new growth in the male breast.*” 


The data on the group recorded in this paper vary markedly from 
these statistics. The incidence of sarcoma of the male breast compared 
to that of the female breast was 10 to 51 (table 8) ; thus 19.61 per cent 
of the sarcomas of the breast occurred in men. The ratio between 
carcinoma of the male breast and that of the female breast was 50 to 
4,014. In other words, it was found that there were 10 sarcomas to 
50 carcinomas in the male breast, and in the female breast there were 


TaBLe 7.—Comparison of Histologic Types of Sarcoma as Recorded by Connell 


Connell’s'® Statistics Author’s Group 
(Male Breasts) (Male Breasts) 





Variety 


Spindle cell sarcoma 
Round cell sarcoma 
Chloroma 

Cystic sarcoma 
Melanotic sarcoma........ 
Chondromyxosarcoma 
Liposarcoma 





. 
Number 


1 


0 
0 


26 


Per Cent 


46.1 
26.9 
3.8 
11.5 
11.5 
0.0 
0.0 


99.8 


pa 
Number 


Per Cent 


6* 60.0 
2t 20.0 
0.0 

0.0 

0.0 

10.0 

10.0 


100.0 





* Includes five cases of fibrosarcoma and one of leiomyosarcoma. 
t Includes one case of myeloma. 


51 sarcomas to 4,014 carcinomas. Carcinomas, therefore, occurred in 
the male breast only 5 times more often than sarcomas, while carcinomas 
in the female breast were 79 times more frequent than sarcomas. As 
compared with the number of carcinomas in the breasts of the two sexes, 
sarcomas occurred proportionately almost 16 times more often in the 
male than in the female breast. 

Carcinoma was found in this group not to be the most frequent 
lesion of the male breast, and, likewise, sarcoma has been found not 
to be the second most frequent. In the group of 165 tumors of the male 
breast, sarcomas constituted only 6.06 per cent, while the benign tumors 
amounted to 63.6 per cent. This is contradictory to the incidence 
reported in the literature, and is a fact that should be borne in mind, 
for it means that under present diagnostic requirements, 2 of 3 tumors 
of the male breast are benign. 

While sarcoma of the female breast occurs in from 1 to 2 per cent 
of the cases, it is generally regarded as a great rarity among men. In 
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1907, Connell ** found only 34 cases of sarcoma of the male breast in 
the literature. In 1930, D’Aunoy and Wright ** reported that their 1] 
cases added to those previously authenticated brought the number of 
mammary sarcomas in both sexes to 503. 

The relative singularly higher incidence of sarcomas as contrasted 
to carcinomas in the male breast and the much higher incidence of them 
than in the female breast may be accounted for by the following facts: 
(a) In the adult male breast the glandular elements are very scant or 
absent, and therefore malignant tumors of this cell type are propor- 
tionately fewer than in the female; (b) the male breast is rich in con- 
nective tissue elements and scant in epithelial elements, including even 
the number and development of its ducts; (c) trauma or irritation, if 
and when it plays a part, stimulates the abundant connective tissue to 
a greater degree than it does the scant epithelial elements (it is 
acknowledged that connective tissue responds more readily and to a 
greater variety of irritants than do parenchymatous epithelial cells) ; 
(d) the benign prototypes of these malignant connective tissue tumors 
have been found by Neal and Simpson ' to be of higher incidence in the 
male than in the female breast (the ratio was 12 benign connective tissue 
tumors to 45 fibro-epithelial tumors [adenomas, fibro-adenomas, etc.| 
in men, as compared to 52 benign connective tissue tumors to 1,479 
fibro-epithelial tumors in women). 

Duration of Tumor at Time of Operation.—At the time of operation 
on the 10 sarcomas, the tumors had been present for one year, fourteen 
months, two years and three years, respectively, in 4 cases, and the dura- 
tion was not stated in 6 instances. In the 4 cases in which the lapse 
of time was given, the longest period was three years, the shortest, one 
year, and the average, twenty-one months. 


Trauma.—In a single instance was there given a history of trauma 
to the breast in which the tumor developed. In this case the injury 
occurred fourteen years prior to the time the tumor was noted. 


Breast Involved.—In two instances the tumor originated in the right 
breast and in two, in the left; in 6 instances specific mention was not 
made of the breast in which it originated. 

Location in Breast——In 1 case it was stated that the tumor was 
located in the subcutaneous tissue of the breast; in another it was 
attached to the fascia; in the liposarcoma the attachment was behind the 
nipple and areola, and in the case of myeloma “the tumor was beneath 
the breast, apparently attached to the chest wall, and involved the 


18. Connell, F. Gregory: Sarcoma of the Male Breast, Surg., Gynec. & 
Obst. 4:13, 1907. 

19. D’Aunoy, Rigney, and Wright, Roy W.: Sarcoma of the Breast, Ann. 
Surg. 92:1059, 1930. 
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anterior portion of what is probably the fourth rib on the left side.” 
From this statement, it is presumed that the last mentioned tumor was 
of osseous origin and extended to involve the tissues about the left 
breast. 

Size of Tumor—In 4 instances the size of the growth was not 
stated. In the other 6 cases, the surgeons described these growths as 
to size in the following terms: a man’s fist; an egg; 9 by 8 by 8 cm.; 
the size of a ham, and in 2 instances the size of an orange. 

Rate of Growth.—The myeloma was stated to have developed rapidly 
in the two months prior to operation; in case 5499, the growth was a 
slow-growing tumor, but attention must be called to the statement that 
the tumor was subjected to roentgen therapy over its known duration 
of two years; in 1 instance, in which the tumor had been present for 
three years, it had grown more rapidly during the last three or four 
months, and at the time of operation was the size of a ham and fixed 
to the thoracic wall. No statement was given concerning the rate of 
growth in seven instances. 





Discharge from Nipple and Ulceration.—lf in any case there was 
discharge from the nipple or ulceration of the surface skin, this was not 
stated. Ulceration was not recorded on inspection of the specimens at 
the laboratory. 


Involvement of Muscles—With the exception of an instance in 
which extension went through the muscles and fixed the growth to the 
wall of the chest, no mention of invasion of the muscles was made in 
the clinical data on these cases while in the laboratory it was found 
histologically in 2 other instances. Muscle is known, then, to have 
been involved in 3 cases. 


Metastasis to Axilla or Other Tissues——In 7 instances, there was 
no information relative to metastasis or involvement of other tissues 
or organs. One case showed extension to the axilla. In the case of 
myeloma it was stated that the fourth rib on the corresponding side 
showed an apparent growth (which possibly was the primary tumor), 
and that the patient died presumably as the result of metatasis to the 
spine. Several months after the tumor and breast had been removed, 
one patient had metastases to the lungs. 

Previous Treatment.—In case 5499, it was stated that the tumor had 
been given roentgen treatments throughout the period of its known 
duration, two years. In no other case was there a record of previous 
treatment. 

Clinical Diagnosis —Clinical diagnoses as submitted for the various 
specimens were: not stated, 1 case; questionable, 2; fibroma, 1 (the 
leiomyosarcoma) ; tumor, 1; cancer, 1; fibrosarcoma, 1; sarcoma, 2, 
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and carcinoma, 1 (the myeloma). In one half of the cases the clinical 
diagnosis of a malignant tumor was made, and the growth was 
definitely considered as a sarcoma in 3 instances. 


PATHOLOGY OF SARCOMA OF THE MALE BREAST 


Geist and Wilensky *° tabulated 19 types of sarcoma of the breast, 
and they further included a column headed “unclassified.” Although it 
may appear desirable to some to have such types as cystosarcoma, 
cystoid sarcoma, plexiform sarcoma, perithelioma, angiosarcoma, 
polymorphous cell sarcoma, adenosarcoma, alveolar sarcoma and cysto- 
sarcoma phylloides, I can see no advantage in such an unwieldy classi- 
fication. In fact, I question the use of such terms as adeno, alveolar, 
cysto and cystoid when used in the diagnosis of sarcomas. They are 
terms that belong with structures in which there are epithelial elements, 
while perithelioma is used for a hemangio-endothelioma perivasculare, 
as seen in a perithelial organ, which is a tumor that should be dis- 
tinguished from the sarcomas. The classification herein used is based 
on a restricted use of the term sarcoma as limited to the atypical histioid 
neoplasms. 

In the group of sarcomas here presented there was nothing out- 
standing individually or collectively, except that the fibrosarcomas con- 
stituted one half of the cases, and that there are recorded a case of 
leiomyosarcoma, one of liposarcoma and one of myeloma. The latter 
3 are unusual types, but conform histologically to the lesions of the 
same class seen in other locations. The spindle cell type is the most 
common sarcoma of the breast in both sexes. Various authors record 
this type as being found in from 31 *° to 68 per cent ** of the cases of 
sarcoma. 

The leiomyosarcoma (case 5499), diagnosed histologically by Dr. 
Burton T. Simpson, Buffalo, showed all the characteristics of that tumor 
with its intertwining muscle fibers and a scant stroma of fibrous tissue. 
The cells were very embryonic in appearance and irregular in their 
relationship, and mitotic cells were present. 

In the case of liposarcoma (case 20317W), which was diagnosed 
by me, the tumor was centered at about the lower margin of the areolar 
tissue and extended up and behind the breast, being apparently a growth 
that arose in the retromammary fat. It was roughly oval, 8 cm. in 
diameter, irregular in outline, somewhat firmer than normal adipose 
tissue and of a definite yellowish color. Histologically, it was composed 


20. Geist, S. H., and Wilensky, A. O.: Sarcoma of the Breast, Ann. Surg. 
62:11, 1915. 


21. Gross, S. W.: Sarcoma of the Female Breast Based Upon a Study of 
One Hundred and Fifty-Six Cases, Am. J. M. Sc. 94:17, 1887. 
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of mixed cell elements of varying sizes (fig. 13), some small and some 
very large, and of varying degrees of granularity, and most of the cells 
contained fat droplets and globules. Many of the larger cells had 
heavily stained, irregular- shaped, motheaten-appearing, hyperchromatic, 
large nuclei that often appeared granular, as if undergoing karyorrhexis. 
The cellular cytoplasm as a whole was acidophilic in staining. Many 


Fig. 11 (case 99936).—Fibrosarcoma. 


of the cells contained single globules of fat, and these displaced the 
cytoplasm and nucleus to one side of the cell. Others contained mul- 
tiple fat inclusions or droplets (fig. 14), small or large, and in some of 
these cells, the nuclei appeared displaced, while in others they did not. 
The shapes as well as the sizes of the cells were variable. They were 
truly polymorphous cells, including round, oval, polyhedral, elongated 
and bizarre forms. The outstanding features were the bizarre and 
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polymorphous cells, the irregularity in their sizes, the marked nuclear 
variabilities and the cell fat content. Mitotic cells were present jn 
small numbers. 

Leiomyoma of the nipple, though rare, has been reported by Vir- 
chow and by others,*f and myoma of the breast has also been recorded: 
Since lipomas and leiomyomas of the breast have been recorded, it js 
not remarkable to find their malignant prototypes—the sarcomas—in 
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Fig. 12 (case 98579).—Myeloma (myeloid sarcoma). 


the same organ. It is difficult to realize that no case of mammary 
liposarcoma was found recorded in the literature. Mitterstiller ** in a 
table recorded a case of leiomyosarcoma in the breast of a man 25 years 
of age reported by Gibson and Crile in 1914. His only reference to 
Gibson or to Crile is to an article by Crile in which he stated: ** “In 


22. Mitterstiller, Sepp: Ein Fall von Mammasarkom beim Mann (Mit 
Bemerkungen zur Frage des Myosarkoms), Deutsche Ztschr. f. Chir. 134:446, 
1915. 

23. Crile, George W.: A Brief Account of American Surgery During The 
Past Twelve Months, Brit. J. Surg. 1:505, 1913-1914. 
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discussion Gibson mentioned 4 personal cases of apparent malignancy, 


only one of which was cancerous; the others were sarcoma (1) and 


fibroadenoma (2).” This states nothing about a case of leiomyosar- 
coma, though the “sarcoma” may have been that form. A search in 
the Index Medicus for the years 1913, 1914 and 1915 and in articles 
for other references has failed to reveal this specific case report. 











Fig. 13 (case 20317W).—Liposarcoma. 


Myeloma.—The tumor in case 98579, diagnosed as a myeloma, developed in 
aman 61 years of age. It was found one year later by his physician, who stated 
that it was beneath the left breast, apparently attached to the thoracic wall, and 
involved the anterior portion of what roentgenograms showed to be the left 
fourth rib. The patient came to the physician with the chief complaint of severe 
pain in the chest and in the back, undue fatigue and weakness. Studies of the 
blood revealed a definite secondary type of anemia. Urinalyses showed faint 
traces of albumin, hyaline, finely and coarsely granular casts and leukocytes. There 
is no record concerning tests for Bence-Jones proteinuria. An anteroposterior 
roentgenogram of the chest and a dorsal view of the spine revealed: “Hyper- 
trophic changes (lipping) in lower spine, and the outline of one of the lower 
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dorsal vertebrae is not quite clean cut. There is no evidence of any disease of 
the lower ribs.” The diagnosis of acute fibrositis and pleurodynia was made 
Later examination of the roentgenograms of the chest revealed “An apparent area 
of destruction involving the left fourth rib anteriorly. While the area is diff. 
cult to visualize, it is believed to be a destructive lesion.” A number of roentgen. 
ologists who have seen these films agree that there was possibly some lesion of 
the left fourth rib, but none of them would definitely make this diagnosis. The 
patient died of terminal pneumonia and an apparent involvement of the spine, 


Fig. 14 (case 20317W ).—Liposarcoma; high magnification to show cell detail 
and fat contents. 


The tumor mass about the left breast was removed after death. No other autopsy 
procedure was performed. 

Drs. Simpson, Thibaudeau and Burke, of the State Institute for the Study of 
Malignant Disease, Buffalo, made the diagnosis of a myeloma. Dr. H. R. 
3rown, of the Genesee Hospital, Rochester, N. Y., later saw the tissue and 
agreed with that opinion. The tumor, which is said to have been the size of an 
egg, gave a histologic picture that at once suggested bone marrow (fig. 12), and 
further studies made this even more impressive. The cells varied much in size, 
shape and staining reaction. By far the predominant cell resembled the plasmato- 
cyte, though there were many large and myeloid types that had large hyper- 
chromatic nuclei. Mitotic cells were present, but in small numbers. Some of the 
large forms were multinucleated, and nucleoli were visible in a few. The tissue 
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was of a loose structure like bone marrow, with very scant stroma in which 
appeared vascular channels of thin walls. 

While it cannot be shown conclusively by the roentgenograms made at the 
time that this tumor arose from the rib, one cannot but believe that this possibly 
occurred. It of course must be conceded that there is a remote, though improbable, 
chance that this tumor arose from an embryonal cell rest, or teratoma, in the base 
of that breast. 


Gross ** recorded instances of osteoid sarcoma and of giant cell or 
myeloid sarcoma. Geist and Wilensky * listed instances of osteosar- 
coma, giant cell sarcoma, chondrosarcoma and osteochondrosarcoma. 
Deaver and McFarland * discussed a type of giant cell sarcoma having 
a relationship so like that of bone-forming tissue that they used the 
appellation “myeloplaxes” as employed by French writers. It there- 
fore is evident that tumors similar in structure to this myeloma have 
previously been recorded. 

It is believed that the simple forms of sarcoma probably arise from 
their respective connective tissue types normally found in the breast. 
The complex or mixed types, such as the chondromyxosarcoma, may 
also arise from these simple connective tissue types and, through 
metaplasia, take on the histologic features of several types of connec- 
tive tissue, but it is more probable that they arise as embryonal cell 
displacements, similar to teratomas elsewhere, and become malignant 
under the conditions that cause such a change in other teratomatous 
growths. 


Mitotic Cells in Sarcomas.—In 3 of the fibrosarcomas and in the 
lymphosarcoma were found many mitotic cells. In the leiomyosarcoma, 
the chondromyxosarcoma, the liposarcoma, 2 fibrosarcomas and the 
myeloma, there were few mitoses. The high number of mitotic cells 
in the fibrosarcomas accounts to a great extent for the degree of malig- 
nancy observed in these tumors of the breast. 


Lymphocytic Infiltration—The absence of lymphocytic infiltration 
about or in sarcomas is a distinctive difference between these tumors 
and the carcinomas. This statement has no reference, of course, to the 
true lymphocytic series of cells that make up the integral growing 
elements of lymphosarcoma and of lymphoblastic sarcomas. 


Degree of Malignancy.—On the basis of histologic observations, 
embryonic cell appearances, lack of cell differentiation, mitotic cells, 
hyperchromatic nuclei, peripheral invasive character, vascularity and 
thinness of vessel walls, this group of sarcomas was evaluated as to 
malignancy. Those having a high degree of malignancy were: 2 of the 
fibrosarcomas, the liposarcoma, the lymphosarcoma and the myeloma. 
The other 5 (3 fibrosarcomas, the leiomyosarcoma and the chondro- 
myxosarcoma) were of a moderate degree of malignancy. 
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GENERAL FACTORS 


The pathologic variations between the malignant growths of the 
male and of the female breast are those of degree and ratio of types, 
and not of kind. The growths of the male breast are indistinguishable 
from similar tumors more commonly found in the female breast. The 
only difference noted was the higher incidence of cysts in those of 
women. Tumors of the adult male breast should be more easily and 
earlier recognized than those occurring in women because of the dif- 
ference in the natural size of the organ, the difference in the amount 
of the fat bed and the fact that any defect of the male breast should 
call for investigation. In the case of the female breast there is a natural 
tendency to procrastinate. The familiarity with repetition of local dis- 
turbances causes a woman to become less concerned with this organ, 
which shows changes incident to physiologic development and function, 
congestion, response to sex stimulations, hypertrophy, hyperplasia, 
involution, lactation, infection and other conditions. 

The reasons for the generally considered higher mortality from 
malignant growths of the male breast as compared to those of the 
female breast appear to be: (1) the higher degree of malignancy as 
revealed in histologic studies and a greater reversion to less differenti- 
ated cells; (2) early invasion of the surrounding tissue, muscle and skin, 
with ulceration of the latter; (3) lack of the prominent fat bed to aid in 
limitation of the periphery of the growth, and (4) probably a greater 
delay in seeking aid. 


THE CHANGING STATISTICS 


In the development of the modern operating group, in the program 
of standardization of hospitals, in the campaigns against cancer and as 
a source for dependable, proved statistics concerning diseases, cancer in 
particular, no person stands out so conspicuously as does the surgical 
and necropsy pathologist. If he has delivered his wares and proved 
his worth, much of the general credit is due to the members of the 
American College of Surgeons in their program of standardized require- 
ments. Not many years ago if a specimen removed in the operating 
room was very suggestive of cancer, it probably reached the laboratory 
eventually for the opinion of a pathologist who was the handy man for 
the laboratory, and not a specialized diagnostician of tissue. In many 
hospitals if the lesions were not particularly suggestive, or the patient 
was not one of great personal interest, the specimen was discarded or 
at least rarely, if ever, examined. It is with shame that one must 
admit that such conditions exist even now in a large number of small 
hospitals, and even in some of larger size. A study of table 2, which 
shows the relative frequency of mammary neoplasms in my group and 
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in that reported by Williams in 1892, should convince one of the truth 
of the foregoing statements. It will be noted that there is a marked 
difference in the percentage of cancers, and a still more marked dif- 
ference between the number and percentage of nonmalignant neoplasms, 
found then and now. 

The American College of Surgeons requires of a class A hospital 
that it have a well equipped laboratory, the director of which shall be 
a graduate in medicine and shall have specialized in pathology, and that 
all tissues removed in the operating rooms shall be submitted to a 
pathologist for examination and diagnosis. Statistics based on the old 
system, in which an occasional surgical specimen was submitted to a 
pathologist and in which autopsies were few, certainly are of little 
value; in fact, they are misleading when compared with statistics based 
on the present diagnostic procedures and the high percentage of 
autopsies. The American College of Surgeons has in the standardiza- 
tion program furthered and aided in establishing the best diagnostic 
service that the medical profession has yet known, and as a result is 
giving the sick better service and the scientific world more dependable 
facts on which statistics may be based. 


SUMMARY 
1. A survey of male breasts is recorded from 117,016 surgical speci- 
mens, in which: 
(a) There were 9,279 specimens, or 7.9 per cent, from the breast 
in both sexes. 
(b) There were 308 specimens, or 0.26 per cent, from the male 
breast. 
2. Of the 9,279 specimens, 308, or 3.31 per cent, were from the 
male breast, which gives a ratio of 1 male to 29.03 female breasts. 
3. Of the 308 lesions of the male breast: 
(a) In 143, or 46.42 per cent, the condition was a nonneoplastic 
disease. 
(b) In 165, or 53.63 per cent, there were neoplasms, classified 
as follows: 
(A) Malignant growths, 60 cases, or 19.48 per cent. 
(1) Carcinomas, 50, or 16.23 per cent. 
(a) Of skin or outer duct origin, 8, or 2.55 per cent. 
(b) Of duct or acinus origin, 42, or 13.63 per cent. 
(2) Sarcomas, 10, or 3.25 per cent. 


(B) Benign growths, 105, or 34.09 per cent. 
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. The 165 neoplastic growths were classified as follows: 
(a) Malignant tumors, 60, or 36.36 per cent. 
(A) Carcinomas, 50, or 30.3 per cent. 
(B) Sarcomas, 10, or 6.06 per cent. 
(b) Benign tumors, 105, or 63.6 per cent. 
. The 60 malignant tumors were classified as follows: 
(a) Sarcomas, 10, or 16.66 per cent. 
(b) Carcinomas, 50, or 83.33 per cent. 


. The 50 carcinomas were classified as follows: 
(a) Growths of skin origin, 8, or 16 per cent. 
(6) Growths of duct or acinus origin, 42, or 84 per cent. 


7. There are recorded a case of liposarcoma, a case of myeloma 
and a case of leiomyosarcoma in the male breast. 


8. There is recorded a case of tuberculosis and scirrhous carcinoma 
in the male breast. 


9. There is reported a case of carcinoma of the male breast with 
extreme generalized carcinomatosis at death, including metatases to the 
suprarenals, in which the skin showed the pigmentation seen in destruc- 
tive lesions of the suprarenals. 


CONCLUSIONS 

1. The most frequent lesions of the male breast are the non- 
neoplastic processes (46.42 per cent). 

2. The second most frequent lesions of the male breast are the 
benign tumors (34.09 per cent). 


3. The third most frequent lesions of the male breast are the car- 
cinomas (16.23 per cent); tumors of skin origin account for 16 per 
cent of these, and those of duct or acinus origin account for 84 per cent. 


4. Sarcomas constitute 3.25 per cent of the lesions of the male 
breast. 


5. Carcinomas of the male breast were responsible for 1.24 per cent 
of the carcinomas of the breast in both sexes. 

6. Of the sarcomas of the breast in both sexes 19.61 per cent were 
found in the male breast. 


7. Carcinomas are 80 times proportionately more prevalent in the 
female breast than in the male. 


8. Sarcomas are 16 times proportionately more prevalent in the male 
breast than in the female. 
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9. Carcinomas occur in the male breast only 5 times more frequently 
than do sarcomas, whereas in the female breast carcinomas are seen 79 
times more often than are sarcomas. 

10. Of all the lesions of the breast, 3.31 per cent occurred in men. 

11. The average age of patients at the time of observation for 
carcinoma was 57.7 years, and for sarcoma, 39.7 years. 


12. The present day standardization of hospitals and laboratories is 
promoting a better and more extensive diagnosis of tissues and more 
dependable records from which statistics may be compiled. 


Dr. Burton T. Simpson, Director, and the members of his staff at the State 
Institute for the Study of Malignant Disease, Buffalo, permitted the free use of 
their materials and records. Dr. Frank G. Nifong, Columbia, Mo., provided the 
history and data on case 25-20M. 
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AN ANATOMIC AND CLINICAL STUDY, WITH A REPORT OF 
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Fellow of the New York Orthopaedic Dispensary and Hospital 
AND 
ALBERT B. FERGUSON, M.D. 


Director, Department of Roentgenology, New York Orthopaedic Dispensary 
and Hospital 


NEW YORK 


During the past twenty years there have appeared in the literature 
numerous papers relating to the sesamoid bones of the great toe and 
their clinical significance. One is impressed, in reading most of these 
articles, by the uncertainty regarding the embryology, anatomy and 
function of these small structures, and by the number of disputed points 
relative to their surgical pathology and treatment. In view of this 
uncertainty, and because no thorough survey of the literature has 
appeared, we report this study made in connection with the follow-up 
investigation of our own cases. Our plan is to review the literature, to 
cite the results of our own anatomic and pathologic studies and finally 
to report a series of cases in which sesamoidectomy was performed for 
the relief of pain. 


HISTORICAL SUMMARY 


Not always have the sesamoid bones of the great toe played a role 
of such relative insignificance as they play today. The medial sesamoid 
has been identified by many as being the bone “Luz,” a mythical bone 
believed in medieval times to be the indestructible seed from which the 
body would be resurrected on the Day of Judgment. To quote Caspar 

Jauhinus : 


Hebrew writers affirm that there is a bone in the human body . . . which 
cannot be destroyed by fire, water or any other element, nor be broken or bruised 
by any force; this bone God shall, in His exceeding wisdom, water with the 
celestial dew, whence the other members shall be joined to it, coalescing to form 
the body, which, breathed upon by the Divine Spirit, shall be raised up alive. 


The idea of the bone “Luz” is said to have originated with one Rabbi 
Uschaia, in the third century, A.D., and through the Middle Ages vati- 
ous philosophers and mystics identified it with various bones, such as 
the os sacrum, the “eighteenth vertebra,” the coccyx and the medial 
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sesamoid bone. Garrison expressed the belief that the last-named bone 
corresponds most closely with the descriptions of the “Luz.” Vesalius, 
in his chapter on the sesamoid bones, said that this myth was given 
credence only by the magicians and followers of occult philosophy, and 
gave his own opinion of it in these words of a true scientist: 






















3ut the dogma which asserts that man will be regenerated from this bone, of 
which we have just narrated the immense fiction, may be left for elucidation to 
those philosophers who reserve to themselves alone the right to free discussion 
and pronouncement upon the resurrection and immortality of the soul. 





Since the time of Vesalius and Leonardo, the sesamoid bones have 
played a less spectacular, if no less useful, part in the human economy. 

The term “sesamoid” denotes the similarity between the shape of 
these bones and that of the flat, oval seeds of the sesamum indicum, an 
ancient East Indian plant used by the Greek physicians for purging. 
The name is said to have been applied to the bones by Galen. 

In 1736, Robert Nesbitt, of London, showed that the sesamoid bones 
are present beneath the first metatarsal head at the third month of fetal 























€ life. In spite of this, certain French writers, such as Boyer (1803) 
d and Gillette (1872), as well as John Bell of Edinburgh, held that sesa- 
is moid structures were not present in fetus or child, but were the result 
IS of constant trauma to tendons in standing and walking. In 1892 
1S appeared the exhaustive monograph of W. Pfitzner on the: human 
p sesamoid bones and their variations, in which the findings of Nesbitt 
10 were definitely confirmed. Since that time other workers have made 
ly similar observations; there remain, however, differences of opinion as : 
Ir to the exact place in which the sesamoid anlagen appear. Quain held i 
that they formed in the tendons of the flexor brevis hallucis; Nesbitt : 
and Pfitzner believed that, as in the case of the patella, the sesamoids t 
le appear first in the joint capsules, being later invested by the fibers of ; 
4 the overlying tendons. Bradley, from observations on pig embryos, 
“f claimed that the sesamoids are cartilaginous buds separating off from 
4 the joint side of the phalanx, just beneath the flexor tendon. 
a The constant presence of the sesamoid bones and the variations in 
their structure were further demonstrated after the introduction of the 
roentgen rays. In 1901, Schunke published the first description of a 
ch human sesamoid bone transversely divided into two parts, which, because 
. of a history of injury in the patient, he called a fracture and “cured” i 
eo by immobilization of the foot. In 1904 operative removal of one of these | 
ossicles for the relief of pain was first described. The true origin of 
the line of partition often seen in sesamoids was described by Momburg : 
bt (1907) and by Igelstein (1908), but these lines of developmental divi- i 
d sion are still often referred to as fractures, although most authors are 
: x . 


1. Garrison’s translation. 
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aware that the anomaly is of frequent occurrence. Several authors haye 
recently examined series of roentgenograms of relatively normal feet, 
and have made varying reports as to the incidence of divided sesamoids: 
Geist found 16 per cent in a series of a hundred feet, Bizarro 4 per cent, 
and Freiberg the surprisingly low incidence of one division in a series 
of a thousand feet. 

In recent years, especially among French, German and South Amer- 
ican writers, considerable attention has been paid to the pathology and 
treatment of painful sesamoids in which there was no division and hence 
no question of fracture. Tréves, Schiitz, Finochietto, Kohler and others 
have described a condition in which there is intrinsic pain, and which js 
characterized in the roentgenograms by a stippled, spotted appearance 
instead of the smooth even texture of normal spongy bone. These 
authors have described the same lesion under different names, and this 
has resulted in a confused reduplication of terms, viz., “typical disease 
of the sesamoid bones,” oi osteomala- 
cia,” “osteitis fibrosa,” “juvenile necrotic osteopathy,” “Kohler’s” or 
“Schlatter’s” disease of the sesamoids and, more recently, “sesamoid 
insufficiency” (Wisbrun). Tréves did not mention any microscopic sec- 
tions, but Schiitz, Renander and Wisbrun described “necroses”’ in the 
trabeculae and marrow of the bones. Finochietto spoke of a softening 
of the bone and the velvety appearance of the articular cartilage. Schiitz 
said that this condition is found only in congenitally divided sesamoids, 
and that the division plays a still unknown part in its development. 
Finochietto gave an extensive differential diagnosis between “sesamoid- 
itis” and “arthritis deformans” of these bones, one of the differential 
points being the stippled or “leopard-skin” appearance of the bone in 
the roentgenogram in the former condition. This author gave a good 
description of the symptoms and signs of painful sesamoid bones, and 
concluded that, since the line of division in bipartite sesamoids is a 
failure of fusion between two centers of ossification, it is comparable to 
any epiphysis, and that therefore “sesamoiditis” is an osteochondropathy 
exactly like those occurring in other epiphyses and apophyses, such as 
Schlatter’s disease of the tibial tubercle. 

One author (Lange) has described a case of “sesamoiditis” pro- 
ceeding to suppuration; this was apparently an embolic suppurative 
osteomyelitis. 


‘ > «666 


‘sesamoiditis,” “osteochondritis, 


The recent literature seems still to be mostly concerned with the 
question of fractures in these bones. Various reasons are given fot 
making this diagnosis rather than that of developmental division. 
Hobart reported a case involving the lateral sesamoid, giving as one 
reason for calling it a fracture the fact that no congenital division of the 
lateral sesamoid had been described. In a subsequent paper, however, he 
reported finding three such anomalies in the German literature. Scott. 
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in an excellent article on the congenital variations of the sesamoids, 
corrected the impression then current in the British literature, that parti- 
tion always indicated fracture ; he drew attention to the possible forensic 
importance of this diagnosis, and showed that roughness of the opposing 
surfaces in a divided sesamoid is not necessarily evidence of fracture. 
He found the anomaly to be always bilateral in those of his cases in 
which roentgenograms were made of both feet. 

Stumme, Preiser and Morian claimed to have produced experimental 
fractures of these bones in cadavers by indirect and by direct violerice. 
Skillern attempted the same procedure on the thumb, by clamping the 
metacarpal bone in a vise and then striking the distal phalanx of the 
thumb with a mallet, forcing it into marked hyperextension. All these 
authors reported success in fracturing the bones, but it should be noted 
that none of them demonstrated by a pre-experiment roentgenogram the 
absence of developmental divisions in the bones on which they were 
working. Skillern reported fractures in 18 per cent of his cases, and 
said that in several of his experiments the sesamoids remained intact 
even though fractures of the metacarpal or phalanx occurred. This is 
significant. This author gave no figures for the frequency of congenital 
division of the sesamoids at the thumb. 

Bizarro has contributed two papers to the subject, the first of which 
is an admirable presentation of the comparative anatomy and physiology 
of the sesamoid and supernumerary bones of the foot. He showed that 
most mammals have sesamoid bones in positions analogous to those in 
the human skeleton, the size and habits of the animal having no constant 
relation to the size of the sesamoids. Unlike the supernumerary bones 
of the foot, these ossicles are not residuals of primitive tarsal bones, but 
are persistent sesamoid structures throughout the mammalian family ; 
the tarsal supernumerary bones have a well defined phylogenetic mean- 
ing, the sesamoids an unknown anatomic pedigree. As to the reason 


for the appearance of these bones and the variation in their structure, 
Bizarro concluded : 


Phylogeny and function combined appear to be the two causes of sesamoid 
formation and development, the former as it were planting the seeds for their 
formation and the latter acting daily and with every movement, promoting the 
increase in size of these structures. It is hardly possible to accept either of these 
theories separately, and the only obscurity remaining lies within the elastic 
boundaries indicated by the term “phylogeny.” 


Bizarro, in his second paper, dealt with the traumatology of the 
sesamoid bones, and reported a case of a third sesamoid, lying between 
the two constant bones, called by the author “os intersesamoideum.” 

Wood-Jones stated that in the rabbit the two great toe sesamoids are 


united by a narrow bony isthmus, thus forming one dumb-bell shaped 
bone. 
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Robinson accused the ‘great toe sesamoids of being the sole cause of 
hallux valgus and bunions, alleging that they first become enlarged, then 
dislocated into the intermetatarsal space, forcing the first metatarsal 
head medially. He stated that the degree of hallux valgus is directly 
proportional to the size of the luxated sesamoid. There is no indication 
in the literature of this theory having been taken seriously (fig. 15 A). 


Surman and Lapidus reviewed the literature on the functional dis- 
turbances of these bones and of the supernumerary bones of the foot, 
but they reported no sesamoid cases of their own. They made the apt 
observation that, as in other fractures, callus will unite the fragments of 
a fractured sesamoid. This is a definite criterion in the differential 
diagnosis from developmental division, and we shall refer to it later. 
In examining roentgenograms of one thousand feet these authors found 
division of the medial sesamoid in 7.2 per cent, and of the lateral 
sesamoid in 0.6 per cent. 

Geschickter and Copeland, in their recent book, described tumors 
arising from the sesamoid bones and areas of potential sesamoid forma- 
tion. These xanthoma variants of the giant cell tumor, formerly thought 
to arise from tendon sheaths, are slowly growing, rarely metastasizing 
tumors, having slight tendency to spread or recur locally and some- 
times attaining the size of an egg. Cure is usually effected by complete 
excision of the tumor. 

As to the treatment of diseases of the sesamoid bones, opinions again 
differ. Some authors frankly advocate “conservative” treatment in all 
cases; others make the reservation that if this fails, surgical excision 
of the affected bone should be done; still others advocate excision in 
cases of “sesamoiditis,” but splinting of fractured sesamoids. Wisbrun 
recommended deep roentgen therapy if an operation is declined by the 
patient. Kellogg Speed held that, if excision is to be performed, both 
sesamoids should always be removed, since leaving one of these bones in 
place would cause an unfavorable mechanical situation and subsequent 
symptoms. The forms of conservative treatment recommended vary 
from the use of a simple metatarsal pad or bar to the immobilization of 
the foot and leg in plaster for six weeks. The patients treated con- 
servatively have often been reported as coming to operation later. 
Results of surgical removal seem to have been uniformly good, except 
in those cases in which the condition is complicated by serious deformi- 
ties of the foot, especially clawfoot. Delchef reported three such cases. 


ANATOMIC STUDIES 


In the human adult there are constantly present two osseous sesamoid 
bones at the metatarsophalangeal joint of the great toe; each is enclosed 
around the margin of its superior articular facet by the capsule of the 
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joint and invested throughout the remainder of its surface by the cor- 
responding tendon of the flexor brevis hallucis. These tendons are 
inserted into the proximal end of the first phalanx of the great toe, and 
are the only effective plantar flexors of the metatarsophalangeal joint ; 
their fibers bite into the roughened nonarticular surface of the sesa- 
moids, there being no smooth periosteum ; hence the difficulty in shelling 
these bones out of their tendons. The sesamoids articulate with, and 
rest under, the first metatarsal head, the cartilage of the latter being 
prolonged proximally for this purpose. From above and in profile they 
have a characteristic, smooth shape (fig. 1). Though joined together 
by strong bands of the joint capsule, they are separated from each other 
by the tendon of the flexor longus hallucis on its way to insertion into 
the distal phalanx of the toe, and their corresponding articular facets on 
the metatarsal head are separated by a bony ridge; this ridge is not high 
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Fig. 1—Sesamoid bones normal in shape, size and position, shown in antero- 
posterior, frontal and lateral views. 


enough to prevent dislocation of the medial sesamoid laterally in severe 
hallux valgus. Between the sesamoids and the skin there is normally 
only the thick fibrous pad of the “ball” of the foot, through which the 
two small bones may sometimes be palpated. Not infrequently a bursa 
is interposed between the sesamoids and the skin surface. 

We have studied the development of these bones in the human fetus 
in specimens ranging in age from 8 weeks to 9 months. We were 
unable to obtain a specimen earlier than the eighth week. Even at this 
early period, both sesamoid bones are recognizable as islands of undif- 
ferentiated connective tissue in their normal location beneath the first 


metatarsal head. At the tenth week this connective tissue can be recog- 
nized as precartilaginous, and at the twelfth there is a definite center of 
chondrification. These changes occur simultaneously in sesamoids, 
phalanges and metatarsals. The connective tissue in which the 
sesamoids develop is seen to be continuous with the periosteum of the 
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metatarsal proximally and with that of the phalanx distally ; by the third 
month this can be identified as joint capsule, and the fibers of the tendon 
invest the lower portion of the bone between the third and the fourth 
months. By the fifth month these bones have their normal adult shape, 
and the development from then on is only in size. At no time did we 
see any evidence of their arising as cartilaginous buds from the phalanx 


(fig. 5). 


The sesamoids normally begin to ossify at about the eighth year, 


and as a rule appear completely ossified by the eleventh. Variations in 
this rule, of course, occur, Nesbitt having described a center of ossifica- 





Fig. 2.—Sesamoids present at all metatarsal heads, a total of seven in each foot 
Luxation of the left lateral sesamoid is seen. 


tion in a sesamoid of an infant. In our series we found no case in whic 
the bones were visible in the roentgenogram earlier than the eight! 
year. Their ossification may be very irregular. There may be one, two 
or more centers of ossification, and the multiple centers may or 
may not fuse later. Their failure to fuse is believed to give 
rise to the bipartite or multipartite appearance in the _ roent- 
genogram. There is no longer any serious doubt as to the frequent 
occurrence of these developmental variations; it is certain that they 
exist in persons who have had no known injury, and that such persons 
may lead a long and active life without any symptoms referable to the 
sesamoids. 
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In order to determine the incidence of these anomalies and the rela- 
tive frequency of the various types of division, we reviewed a series of 
1.025 consecutive roentgenograms of feet in our dispensary, regardless 
of diagnosis. All were of patients above 10 years of age. One hundred 
and ten feet, or 10.7 per cent of those examined, presented an unques- 
tionably divided sesamoid bone. Six feet showed division of the lateral 
sesamoid and three of the lateral only. Roentgenograms of both feet 
were available in eighty-three of the hundred and ten cases; in these 
the anomaly was found to be unilateral in 75 per cent and bilateral in 
25 per cent. Of the bilateral cases, 85 per cent showed symmetrical 
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Fig. 3.—Low-power view of a sagittal section of a normal sesamoid. Trauma 
at operation has damaged the articular cartilage. 


division, i.e., had the same type of division in the corresponding bone 
of each foot. It is thus seen that unilaterality cannot be trusted as a 
criterion of fracture in these bones. 

Of the divided sesamoids in this series, eight showed characteristics 
considered by some writers as indicative of fracture: the lesion was 
unilateral, the opposed edges of the two “fragments” were rough and 
serrated, and there was relatively wide separation of the segments. On 
inquiry into the history of these patients it was found that none of them 


had come to the dispensary because of sesamoid pain, and that none 


= Be 2 ae “ee e ° 
ad knowingly had an injury sufficient to fracture one of these bones. 
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Fig. 4.—Similar section of a bipartite sesamoid. Note cartilage extending 
downward between the two segments. The bone was damaged in removal. 
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Fig. 5.—Low power view of a sagittal section of the great toe of a 5 months 


fetus: A, metatarsal head; B, proximal phalanx; C, distal phalanx; D, medial 
sesamoid bone; E, joint capsule; F, flexor brevis hallucis tendon; G, flexor longus 


hallucis tendon. 











ing 


ynths 
edial 
ngus 





INGE-FERGUSON—SESAMOID BONES OF GREAT TOE 475 


The presence or absence of other anomalies in the foot, such as 
supernumerary bones of the tarsus, is sometimes used as evidence that 
4 division of the sesamoids is due to fracture. To determine whether 
or not these anomalies are present more frequently with divided sesa- 
moids than with undivided ones, bilateral anteroposterior and lateral 
roentgenograms of the feet of two hundred and nineteen patients over 
10 years of age were examined. In this series, seventy-nine feet 
had divided sesamoids and three hundred and fifty-nine had no 
divisions. Anomalies examined for were: a completely separate os 
tibiale externum, os peroneum, os trigonum and os intermetatarseum. 
Other anomalies were occasionally seen, but not often enough appre- 
ciably to affect the percentages. The study showed that 32 per cent of 
the feet with divided sesamoids presented other anomalies in the same 

















Fig. 6—Developmental division of a medial sesamoid. 


foot, whereas 35 per cent of those without divided sesamoids showed 
other anomalies. Considering both feet in each patient, it was seen 
that, of the cases of divided sesamoids, 67 per cent showed some other 
anomaly in the same or the opposite foot, as compared with 51 per cent 
in the group without divisions. Obviously, these figures are so similar 
that this criterion is not reliable in making the differential diagnosis of 
fracture of a sesamoid. 

Considerable variety was shown in the shape and size of the seg- 
ments of the divided sesamoids as shown in the roentgenograms. In 
the anteroposterior view the most frequent types of division, in the 
order of their incidence, were as shown in figure 16. The more or less 
regular segments shown there are often distorted by arthritic deposits. 
“ur cases of sagittal division, as in type 9, figure 16, could be seen only 
in the frontal view. 
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The other sesamoid bones of the extremities may show congenital 


division, those at the thumb especially. Figure 12 shows bipartite 


sesamoids at the heads of the second and fifth metatarsals. In our files 
there are roentgenograms of seventeen cases of congenital division of 











Fig. 7.—Developmental division of both sesamoids at each first metatarsal head 
in the same patient. There were no symptoms. 











Fig. 8.—Right medial sesamoid divided. The leit medial sesamoid is elongatec 
having developed from two centers now united. 


the largest of the sesamoids bones, the patella. We have examined 
roentgenograms of two hundred hands in order to determine the inci- 
dence of this anomaly at the thumb. Twelve hands, or 6 per cent, 
showed definite division, and fifteen more showed a possibly divided 
sesamoid. In routine films of the hand these bones are not well shown, 
so that the incidence is undoubtedly greater than 6 per cent, probably 
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twice that figure. The line of division was usually transverse in the 
medial, and longitudinal in the lateral, sesamoid. In no hand were both 
bones found divided. Ossification here is apparently not complete 
before the fourteenth year, as several patients of 12 and 13 years were 
found without ossified sesamoids at the thumb. 

No definite cause can as yet be assigned to the failure of fusion of 
the centers of ossification in the sesamoid bones. Analogies to this 
failure appear in other parts of the body, such as in the posterior ele- 
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Fig. 9—Various types of division of the medial sesamoid 


ments of the vertebrae and between the tarsal navicular bone and os 
tibiale externum. Just why the failure of fusion occurs in the medial 
sesamoid of the great toe so much more frequently than in the lateral is 
uncertain; the cause may be related to the greater and more frequent 
trauma undergone by the medial bone because of its location. On the 
other hand, lines of ossification are greatly influenced by the position of 
blood vessels, and the latter seem to be quite inconstant in their dis- 


tribution in these bones. Further work is necessary before this question 
can be answered definitely 




















Fig. 10.—Sagittal divisions of three medial and one lateral sesamoids shown it 
frontal view. 





Fig. 11—Bilateral developmental division of a lateral sesamoid. No symp- 


toms occurred. 














Fig. 12—Developmental division of sesamoid bones at (A) the second and (B) 
fifth metatarsal heads. 
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Fig. 13—Two cases of traumatic osteitis of the sesamoids, showing irregular 
ymp- one texture called by some authors “osteomalacia,” “sesamoiditis,” etc. 
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Fig. 14.—Bilateral os intersesamoideum. 








Fig. 15.—4, marked hallux valgus, obviously not caused by the small luxated 
lateral sesamoids. B, unilateral subluxation of lateral sesamoid, with pseudarthrosis 
with second metatarsal head; possibly one cause of sesamoid pain. 
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Microscopically, our sections of normal sesamoid bones show con- 
siderable variation in structure, both as to the number and thickness of 
the trabeculae and as to the content of the intertrabecular spaces. We 
have not found any red bone marrow in these spaces, which are usually 
occupied by loose fatty tissue. Usually the structure of the bone is 
quite compact (fig. 3), and it often, but not always, shows the appear- 
ance described by Wisbrun, with the trabeculae in the upper half run- 
ning vertically and those in the lower horizontally. Since the greater 
part of the weight-thrust is through the posterior part of the bones, the 
trabeculae here are thicker. In the case of the congenitally divided 
bones, the articular cartilage is seen to dip down between the two seg- 
ments, an appearance not at all suggestive of fracture (fig. 4). The 
periosteum is indistinguishable from the investing tendinous fibers, 
which insert deeply into the rough plantar surface. 
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Fig. 16—Diagram showing various types of developmental division of sesamoid 
bones in our series of roentgenograms, arranged in the order of their frequency. 
Number J represents a normal sesamoid for comparison. Type 9 could be seen 
only in our frontal-view roentgenograms. 


The function of all sesamoid bones, speaking phylogenetically, is the 
protection of tendons which glide over the prominent and exposed sur- 
faces of joints. They also act as pulleys to alter the direction and 
increase the mechanical advantages of the tendons in which they are 
embedded. That there are no sesamoid bones over such prominent and 
exposed joints as the knuckles in the human hand may be explained by 
the fact that until man assumed the upright posture, it was the plantar 
(now volar) surface of the hand which received most of the trauma and 
exposure. It is interesting to note in this connection, however, that 
Retterer has found fibrocartilaginous sesamoids consistently in the dorsal 
tendons at the first metatarsophalangeal joints of the lion and the cat. 

In addition to the aforementioned functions of sesamoid bones in 
general, those at the great toe serve to protect the flexor longus hallucis 
tendon which lies between them; also, as was suggested by Hancock in 
1873 and brought out more recently by Morton, they serve an important 
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use in protecting the head of the first metatarsal and lifting the head oj 
this bone off the ground so that it will be level with, or slightly higher 
than, the outer metatarsal heads. 


PATHOLOGY 


In the records of the New York Orthopaedic Dispensary and Hos- 
pital there is only one proved case of fracture of a sesamoid of the great 
toe. This fact alone, in a large clinic, lends proof to the contention that 
fracture of these bones is a rare condition. In the case referred to 
(this case is not included in the series reported here, as the patient was 


admitted after the study was made), the roentgenogram at the time of 
injury showed what appeared to be a developmental sagittal division of 
the lateral sesamoid; several weeks later the roentgenogram showed 
evidence of a reparative process between the two segments. Conserva- 
tive treatment having failed to relieve this patient, the bone was 
excised, and sections showed the presence of callus between the frag- 


ments. We believe that it is unjustifiable to make the diagnosis of frac- 
ture of a sesamoid without this demonstration, by roentgenogram or 
section, of subsequent callus formation, or unless there was a previous 
roentgenogram in which the bone was seen to be undivided. Thus 
congenital division being so frequent, and simulating fracture so closely 
in feet known not to have been injured, the burden of proof is on him 
who makes the diagnosis of fracture. 

If the line of division seen in sesamoid bones is due to congenital 
failure of fusion between two centers of ossification, and these centers 
tend to fuse, the incidence of divided sesamoid bones would be expected 
to decrease as age increases; if the line is due to fracture one would 
expect the opposite, namely, an increase in the incidence as age pro- 
gresses and the bones become harder and more brittle and the trauma 
at the metatarsal head becomes greater. That the former of these 
conditions is true is shown by table 1, which contains an analysis of 
bilateral roentgenograms of the feet of four hundred and thirty-three 
patients above the age of 10 years (866 feet). Table 1 shows the number 
of feet with divided sesamoids in various age groups from 10 to 60 
years. It will be seen that the incidence steadily declines after the 
fifteenth year. The number of bilateral cases is seen to be highest in 
the earlier age groups. The last two columns of the table demonstrate 
a fact which is the converse of the aforementioned observation, and 
that is that the incidence of sesamoids developed in two parts now united 
(fig. 8) increase as age increases and as divided sesamoids decrease. 

With fractures thus practically ruled out, what are the causes of 
sesamoid pain? In our series of patients operated on several definite 
pathologic conditions to which the symptoms could be attributed were 
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found; there were some cases, however, in which no definite lesion 
could be demonstrated. In the order of their frequency the following 
lesions were encountered : 

(a) Involvement in metatarsophalangeal arthritis, as shown by lip- 
ping and spurs on the sesamoids, with consequent enlargement, pitting 
and thinning of the articular cartilage and sometimes partial or even 
complete fusion of the bone to the metatarsal head. This may, of 
course, be present without evidence of arthritis at other joints. The 
lipping may be visible in the roentgenogram, and fusion to the meta- 
tarsal head may be demonstrated by profile views with the toe first in 
hyperextension and then in plantar flexion. Complete ankylosis of these 
bones to the metatarsal head results in loss of extension and of active 
flexion at the metatarsophalangeal joint. 


TABLE 1.—Analysis of Roentgenograms 


Number of 
Number Feet Showing 
of Feet Per Number Sesamoids Per 
Number Number Showing Cent of Developed in Cent 
of of Feet Divided of Bilateral Two Parts, of 
Cases Examined Sesamoids Total Cases Now United Total 


45 ‘ 18 20 
49 98 21 21 
45 ¢ 14 15 
41 2 10 
51 { 9 
nO 
44 
56 


22° 
oo 


24 
15 


(b) Chronic or subacute bursitis underlying the sesamoids. These 
bursae are found more frequently in clawfoot deformities and in badly 
muscle-bound feet, and are more liable to become inflamed in these types 
of feet. They vary in size, and the severity of the symptoms is not 
necessarily directly proportional to the size of the bursa. 

(c) Medial luxation of the medial sesamoid following exostectomy 
for hallux valgus and bunion. In these cases, lateral roentgenograms 
at rest will show the sesamoid in its normal location, while the standing 
view shows the medial and upward dislocation. 

Enlargement of the sesamoids does not in itself seem to be a cause of 
pain. The aforementioned patients in whom there were no demonstrable 
pathologic changes were operated on, as were all the patients in this 
series, for painful sesamoids unrelieved by conservative measures. The 
explanation of the pain in these cases is probably the presence of local- 
ized arthritis not appreciable in roentgenogram or section, rather than 
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to pressure on local nerves, as has been suggested by some writers. In 
bipartite sesamoids the pain may be due to a process similar to 
Schlatter’s apophysitis at the tibial tubercle, but in our series only two 
of the cases of unexplained pain were in bipartite sesamoids; this con- 
tradicts E. Miiller’s statement that “all painful sesamoids are bipartite.” 

In our sections we have seen no pathologic picture comparable to 
that described by Renander, Schiitz, Finochietto and others and called 
“sesamoiditis,” “osteomalacia,” “osteochondritis,” “osteitis fibrosa,” 
etc. We have three roentgenograms, however, which show the stippled 
appearance described by these authors. Incidentally, these patients have 
not as yet complained of sesamoid pain. Roentgenologically these 
lesions have the appearance of a traumatic osteitis, such as is seen in the 
infractions of the metatarsal heads from repeated small traumas. It is 
possible that this and the aforementioned obscure conditions are iden- 
tical, in which case the situation could be cleared considerably by 
adopting a single and inclusive term. ‘Traumatic osteitis” expresses 
the uncertainty that exists and must exist regarding these questionable 
conditions until further work is done on the pathology of these bones. 


REPORT OF CASES 


In the records of the New York Orthopaedic Dispensary and Hos- 
pital there were, up to January, 1930, thirty-one cases in which sesa- 
moidectomy alone had been performed for the relief of sesamoid pain. 
Of these, ten were bilateral, making a total of forty-one feet operated 
on. This is exclusive of all those cases in which the sesamoid bones 
were removed as a prophylactic measure at the time of other operations 
at the first metatarsal head, and also of those cases in which operations 
to modify the architecture of the foot were performed at the same time. 
The success or failure of these other procedures would obviously affect 
the result of a sesamoidectomy, so that even though the sesamoids were 
the seat of real pain, these complicated cases were excluded from the 
present study. 

Of the thirty-one patients operated on, twenty-four were female 
and seven male. The average age at operation was 25 years, and the 
average duration of symptoms was three years, the longest being 
twenty years, the shortest two weeks. The average length of time 
elapsed since the operation was three years and two months, varying 
between six months and eight years. The onset of symptoms was 
gradual, without a history of injury, in fifteen cases; it followed other 
operations on the feet (such as exostectomy for hallux valgus) in five 
cases; in two the onset was sudden, following injury. Neither of the 
last two cases showed division of the sesamoids. In nine cases the mode 
of onset could not be determined. Preoperative roentgenograms were 
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available for thirty-two of the feet operated on, and of these, two, or 
6.2 per cent, showed developmental division of the bone. None showed 
fractures. Conservative preoperative treatment had been tried in all 
cases, without complete success. Most of the cases of painful sesa- 
moids in our dispensary are relieved by such conservative measures as 
a metatarsal pad or bar, massage and antiarthritic treatment, only 40 per 
cent of the cases coming to operation in the period covered by this 
report. 

Eight of the feet operated on in this series showed varying degrees 
of clawfoot deformity, seven showed other deformities which might 
contribute toward sesamoid pain, and twenty-six were relatively normal 
feet. A mild degree of muscle-bound foot was not considered a 
deformity. 

The operative technic was the same in all cases: exposure of the 
bones through a mediodorsal or medio-inferior longitudinal incision over 
the first metatarsophalangeal joint, avoiding surfaces which will bear 
weight or be rubbed by the shoe; and excision of the bone, by sharp dis- 
section, from the tendon in which it lies. Great care must be taken not 
to divide the flexor brevis tendon, especially when both bones are 
removed, and for this reason the use of a tourniquet is essential. The 
bursa underlying the sesamoids is usually not removed. 

In twenty-five feet both sesamoids were removed, in fifteen only the 
medial, and in one only the lateral. The average number of days in bed 
after operation was eight; in the hospital, eleven. The only postopera- 
tive complication was a superficial wound infection in one case. 

In studying the results of the operations, the cases were divided into 
four groups; these, with the number of cases in each, were as follows: 

Group 1. Those in which the patients obtained complete relief of 
symptoms, with restoration or maintenance of normal function. In this 
group there were seventeen cases, or 41.5 per cent. 

Group 2. Cases which showed improvement but which could not be 
admitted to group 1 because of minor imperfections in the result, such 
as tender or keloidal scars, impaired motion at the metatarsophalangeal 
joint, persistence of mild pain under the metatarsal head, etc. This 
group comprised twelve cases, or 29.3 per cent. 

Group 3. In this group there were placed seven, or 17 per cent, of the 
patients, whose symptoms were relieved but in whom the flexor brevis 
hallucis tendons were inadvertently divided in excising the sesamoids. 
With one exception, this untoward event occurred only in cases in which 
both sesamoids were removed. It results in a typical hammer toe 
deformity, and repair of the tendon or arthrodesis of the interphalangeal 
joint of the toe is subsequently required to overcome it. 
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Group 4.—Unimproved. Five of the patients who were operated on, 


or 12.2 per cent, said that their pain was just as great as before opera- 
tion. Two of these had large inflamed bursae which were not removed 
at operation, it being felt at that time that removal of both sesamoids 
would cause the bursal inflammation to disappear. One foot showed a 
severe traumatic deformity, hence did not provide a fair test for this 
operation. The other two cases in this group were in feet showing 


moderate clawfoot deformities, in which the medial sesamoid alone was 
removed. These two patients now have painful lateral sesamoids, a 
fact suggesting that in these two cases, at least, both bones should have 
been removed. 

It was noted that most of the patients in group 2 did not return 
regularly to the dispensary for postoperative physical therapy, whereas 
most of those in group 1 received consistent massage with passive and 
active motion after operation. This treatment is most important in 


TABLE 2.—Results of Operation 


Both Sesamoids Single Sesamoid Normal Deformed 
Cases Removed Removed Feet Feet 


_ EEE on when —, = L————— le A, A. 


Num- Per Num- Per Num- Per Num- Per Num- 
Group ber Cent ber Cent ber Cent ber ber 
1 17 41.5 11 44.0 j 37.5 38. 7 
2 12 29.3 : 20.0 43.7 
‘ 7 17.0 j 24.0 6.2 
4 5 12.2 : 12.0 p 12.4 


Totals 41 100 2 61.0 


mobilizing the joint and preventing adhesions. Our patients now get 
passive motion from the second or third day after operation, and massage 
and active motion as soon as the wound is sufficiently healed. This 
work is continued in the gymnasium after their discharge from the 
hespital. 

Table 2 summarizes the results in our series of operations. 

It should be noted from this table that: (a) Of the patients having 
a single sesamoid removed, 81.2 per cent belonged in either group 1 or 
vroup 2 (the “improved” groups), whereas only 64 per cent of those 
having a double sesamoidectomy came into these groups. This would 
tend to disprove Kellogg Speed’s contention that when sesamoidectomy 
is performed, both bones should always be removed. Three of our poor 
results (group 4+) were in cases in which both bones had been removed. 

(b) Accidental division of the flexor brevis hallucis tendons (the 
cases in group 3) occurred in double sesamoidectomy six times and in 
single sesamoidectomy once. 

(c) Of the relatively normal feet operated on, 69.2 per cent belonged 
in group 1 or group 2; of the deformed feet, 73.3 per cent were in these 
“improved” groups. Thus the presence of deformities in the foot is not 
a contraindication to the operation. 
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SUMMARY AND CONCLUSIONS 


1. The sesamoid bones of the great toe are essential parts of the 
human skeleton, appearing early in fetal life, developing in the capsule 
of the joint by typical intracartilaginous bone formation. Later they 
become invested by the flexor brevis hallucis tendons. At no time do 
they appear as part of the phalanx or metatarsal bone. 


2. Ossification occurs between the eighth and eleventh years, often 
irom multiple centers which may or may not unite subsequently. Fail- 
ure of union of these centers is believed to give rise to the partite 
appearance of these bones seen in the roentgenogram and often mistaken 
ior fracture. 

3. Bipartite sesamoid is a frequent anomaly, occurring in at least 
10.7 per cent of the feet examined roentgenologically in this clinic. 
Developmental division occurs in all the sesamoid bones, including the 
patella. We found the anomaly at the thumb in 6 per cent of the 
hands examined. 

4. Developmental division of the sesamoids does not predispose 
toward sesamoid pain. 


5. Fracture of the sesamoids of the great toe is a rare condition. 


That diagnosis should not be made unless a previous roentgenogram 


shows the involved bone to be undivided, or unless subsequent roent- 
genograms or pathologic sections demonstrate the presence of callus. 

6. No specific disease of the sesamoids, such as so-called “sesa- 
moiditis,” “sesamoid osteomalacia” and “typical disease of the sesamoid 
bones,” was found in any of the patients operated on at this hospital. 
The pathologic lesions in our cases, when demonstrable, were arthritis, 
bursitis and luxation. Other conditions have been assumed, but have 
not been demonstrated. Several cases in our series showed no demon- 
strable pathologic condition, and the pain in these cases we believe to be 
due to localized arthritis not shown in the roentgenogram. 

7. Of forty-one patients on whom sesamoidectomy was performed 
ior the relief of pain, we found that 41.5 per cent obtained complete 
relief, and another 29.3 per cent were definitely improved, making 
70.8 per cent who were benefited by the operation. Five patients, or 
12.2 per cent, were not improved. 

8. Seven patients, or 17 per cent, were relieved of their pain by the 
operation, but had their flexor brevis hallucis tendons inadvertently cut, 
thus acquiring a hammer toe deformity for which further surgical 
measures were indicated. Great care must be exercised in removing the 
bones from their tendons if this accident is to be averted, especially in 
double sesamoidectomy. 
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9. Both sesamoids need not, and should not, be removed unless 
there is a clear indication for removing each one. To remove both 
increases the hazard of dividing the tendon, whereas leaving one normal 


sesamoid in place does not seem to predispose to the recurrence of pain. 


10. Incisions should be kept free from weight-bearing surfaces and 
bony prominences against which the shoe will rub. 


11. Sesamoidectomy should be reserved for those cases of painful 
sesamoids which have failed to respond to conservative methods oj 
treatment. 


12. The operation should be supplemented by adequate postoperative 
physical therapy in the form of massage and early motion at the joint. 
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THE CURLING ULCER 
STUDY OF INTESTINAL ULCERATION ASSOCIATED WITH 
SUPRARENAL DAMAGE 


CHARLES W. McLAUGHLIN, M.D. 
Agnew Fellow in Surgery 


PHILADELPHIA 


Although Travers,' in 1817, first described duodenal ulcer as a defi- 
nite entity, it was Dupuytren * who, in 1826, first called attention to the 
congestion and inflammation of the mucous membrane of the alimentary 
tract which may be associated with superficial burns. In 1840, 
James Long * reported the occurrence of duodenal ulcer accompanying 
severe superficial burns in two young girls, but the credit for first 
describing the association of these lesions has usually been given to 
Curling, who in 1842 reported four of his own cases of duodenal 
ulceration due to burns and eight additional cases which he had collected. 
This type of duodenal ulcer has, in fact, frequently been called “Curl- 
ing’s ulcer.” 

INCIDENCE 


Since these original reports, the occurrence of Curling’s ulcer has 
been noted occasionally, but the lesion is apparently by no means 
frequent. Autopsy records are of doubtful value unless definite evi- 
dence exists that the type of lesion which the statistician is interested 
in was looked for. The data presented here should be accepted only in 
this light. Perry and Shaw ® found duodenal ulcers occurring in 0.4 


per cent of all cases coming to autopsy and in 3.3 per cent of all patients 
who died of burns. Fenwick ® found duodenal ulcerations in 6.2 per 


From the Laboratory of Research Surgery and the Department of Surger 
(Division C), University of Pennsylvania. 

1. Travers, B.: Rupture of the Stomach with Additional Observations, Tr 
Soc. Med.-Chir. Soc., London 8:231, 1817. 

2. Dupuytren, G., quoted by Moynihan.?* 

3. Long, James: Post Mortem Appearances Found After Burns, M. Gaz 
London 1:743, 1840. 

4. Curling, T. B.: On Acute Ulceration of the Duodenum in Cases of Burns 
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cent of all fatalities due to burns. Erichsen‘ found records of two 
such ulcerations in a series of approximately 13,000 necropsies, many 
of them in cases of accident and burn. MHarris* found only a single 
case of duodenal ulcer in about 500 cases of superficial burns, 138 of 
which were fatal. 

The ulcers are more common in young girls, and are twice as fre- 
quent in women as in men. Cases have been reported in children as 
young as 12 months and in adults up to 70 years of age. They occur 
most frequently following burns on the trunk. The severity of the 
burn often is not the determining factor in the production of ulceration, 
since Maes ® reported a fatal case following a limited superficial burn. 
A case of duodenal ulcer following a pelvic burn subsequent to cauter- 
ization for cervical carcinoma, after the method of Percy, was reported 
by Leonard and Dayton.’° 

ETIOLOGY 

The etiology of the intestinal ulceration following superficial 
burns is still vague. No explanation so far advanced seems adequate. 
Curling,* in his original article, suggested that the cause of the ulcera- 
tion lay in a hyperactivity of Brunner’s glands, which overact in an 
attempt to compensate for a skin which cannot function. He believed 
that the overactivity of the glands leads to hyperemia and subsequent 
ulceration. Hunter *' considered the ulcers to be the result of toxins 
secreted into the duodenum through the bile. The possibility of emboli 
serving as a cause has been suggested by Billroth** and Moynihan,*® 
particularly in cases of infected burns. The many additional theories 
seem so inadequate that they do not warrant further discussion. 


PATHOLOGY 


Curling * believed that the ulcers occurred only in the duodenum, 
but they have since been recognized in all portions of the stomach and 
the small intestine. The most common site of ulceration, however, is 
in the duodenum above the ampulla of Vater. Moynihan '* stated 


7. Erichsen, John E.: The Science and Art of Surgery, ed. 10, New York, 
Longmans, Green & Co., 1895, vol. 1, p. 395. 


8. Harris, R. I.: Hemorrhage into the Suprarenal Capsule and Hemorrhage 
from a Duodenal Ulcer in a Case of Fatal Burns, Clin. J. 59:150, 1930. 

9. Maes, U.: Curling’s Ulcer, Ann. Surg. 91:527, 1930. 

0. Leonard, V. N., and Dayton, A. B.: Fatal Complications of Percy’s “Cold 
Iron” Method in the Treatment of Inoperable Carcinoma of the Cervix, Surg., 
Gynee. & Obst. 24:156, 1917. 

ll. Hunter, William: The Pathology of Duodenitis, Tr. Path. Soc. London 
41: 105, 1890. 

{2. Billroth, T., quoted by Maes.® 


i3. Moynihan, B. G. A.: Duodenal Ulcer, ed. 2, Philadelphia, W. B. Saunders 
Company, 1912, p. 24. 
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that 75 per cent of the ulcers are limited to the first portion of the 
duodenum. The ulcers usually appear in from two to seventeen days 
after the burn, the average time being from six to twelve days. They 
are acute, may be long and narrow, and tend to progress rapidly to 
hemorrhage, perforation or healing, showing little tendency to become 
chronic. The ulcers may be single or multiple, as many as from fort 
to fifty being reported in a single case, and they may vary in size from 
1 or 2 mg. to several centimeters. Although the mortality has been 
given as approximately 100 per cent, this is probably correct only in 
that 100 per cent of the patients whose condition has been diagnosed 
died, but undoubtedly many who have had ulceration have recovered. 
A diagnosis of Curling’s ulcer is rarely possible during life, death 
usually resulting from hemorrhage or perforation before the condition 
is recognized. Moynihan** found no cases of perforated Curling’s 
ulcer on record in which treatment was successful. 

Premonitory signs suggesting the presence of an acute ulcer are 
usually lacking, and diagnosis is therefore difficult. In twenty oj 
twenty-nine cases reported by Perry and Shaw * perforation or hem- 
orrhage, or both, occurred. Hemorrhage is said to occur more com- 
monly than perforation, the latter usually making its appearance on 
the tenth or eleventh day after the burn. 

The acute ulcer, however, becomes chronic in a limited number of 
instances. Kirchmayr ** reported a case of chronic duodenal ulcer devel- 
oping in a boy in association with a severe burn. The occurrence oi 
spontaneous healing of the intestinal ulceration is certain, such a case 
having been reported by Curling.‘ 


RELATION OF SEVERE BURNS TO SUPRARENAL DAMAGE 


For some time it has been recognized that superficial burns cause 
suprarenal damage. Weiskotten,’® in 1917, in studying a series of six 
fatal cases of burns, found that hemorrhage and necrosis, which could 
readily be recognized grossly, had occurred in the suprarenal glands. 
These conditions and some hyperplasia of the lymphatic glands appeared 
to him to be the striking pathologic findings in these cases. Similar 
findings have been reported by Ravdin and Ferguson.’® 

Olbrycht,?*7 in 1924, found a reduction of lipoids and chromaffin 


substance in the hyperemic suprarenal glands following burns. Ina series 


14. Kirchmayr, L.: Duodenal Ulcer After Burns, Deutsche Ztschr. f. Chir 
171:109, 1922. 

15. Weiskotten, H. G.: Fatal Superficial Burns and the Suprarenals, J. A 
M. A. 69:776 (Sept. 8) 1917. 


16. Ravdin, I. S., and Ferguson, L. K.: The Early Treatment of Superficial 


Burns, Ann. Surg. 3:439, 1925. 
17. Olbrycht, J.: Experimental Research on Deaths from Burns, J. A. M. A 
83:1802 (Nov. 9) 1924. 
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of five fatal cases of burns in human beings, three in dogs and two in 
rabbits, he found the suprarenals low in or almost devoid of epinephrine. 
In 1926, Greenwald and Eliasberg** carried out a series of experi- 
ments on rabbits. The blood sugar was determined before and after 
the animals were burned under ether anesthesia. In each case there 
was a rise in the blood sugar following the burn, the height and 
rapidity of the rise being dependent on the severity of the burn. The 
blood sugar never returned to normal before death, although at autopsy 
the pancreas showed no lesion. In the animals that died early the blood 
sugar was high, indicating, according to Greenwald and Eliasberg, a 
marked hyperactivity of the suprarenals and a low glycogen content of the 
liver. The animals that lived over twenty-four hours showed suprarenal 
destruction, and there was an associated suprarenal hypofunction 
leading to a high glycogen content in the liver. The liver and pancreas 
showed no gross or microscopic change. The authors concluded from 
this work that during the first few hours after extensive burns, dex- 
trose and epinephrine were contraindicated because of the hyperactivity 
of the suprarenal glands, but in cases in which the patient survived 
forty-eight hours, the administration of dextrose and epinephrine would 
seem important because of the hypoglycemia and the decreased activity 
of the suprarenal glands. 

Lattes ** carried out chemical analyses of the suprarenal glands in 
fatally burned animals. He found a reduction of cholesterol to 15 per 
cent of the normal amount and an associated reduction of the lipids 
to 65 per cent of the total lipid content of the suprarenal glands. This 
reduction in the lipids, chiefly cholesterol, coincides with attempts at 
hyperplasia of the cortical cells, and usually comes in that period, when 
sudden death may occur. Deaths during this period were thought to 
be the result of the existing hypoglycemia and exhaustion. Aschoff,”° 
who for years has been interested in the pathology of the suprarenal 
glands, states that suprarenal lipids have a detoxifying function, and 
that their diminution has a pathologic significance in the causation of 
death resulting from burns. If the acute stage of the exhaustion is sur- 
vived, regeneration of the suprarenal cortex usually results. 

Epinephrine has been recommended in the treatment of burns for 


many years by various authors: Plaza,?* Olbrycht,’’ Nakata ** and 


18. Greenwald, H. M., and Eliasberg, H.: Pathogenesis of Death from Burns, 
Am. J. M. Se. 171:682, 1926. 


19. Lattes, L.: The Adrenal Glands in Deaths from Burns, Arch. di farmacol. 
Sper. 49:324, 1930. 


“). Aschoff, L., quoted by Lattes.9 


i. Plaza, A.: Epinephrin in the Treatment of Burns, J. A. M. A. 80:438 
b. 10) 1923, 


. Nakata, J.: The Suprarenals in the Severely Burned, Cor.-Bl. f. schweiz. 
48:1283, 1918. 
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Ravdin and Ferguson.’® Recent experimental work seems to establish 
it as a sound therapeutic measure in certain cases of severe burns jp 
which the patients survive the initial period of twenty-four hours, jj 
the symptoms indicate such therapy. 

Since Weiskotten '* first centered attention on the suprarenals jy 
cases of fatal burn, other authors have reported the presence of supra- 
renal hemorrhage, often massive, in connection with severe burns 
The case reported by Harris ** is especially interesting. <A child 31, 
years of age died with hematemesis on the third day after an extensiy; 
first degree burn. Autopsy disclosed a duodenal ulcer with massiy 
hemorrhage about the right suprarenal gland, extending into the peri- 
renal tissues, with many smaller hemorrhages into the left suprarena 
gland. The occurrence of suprarenal hemorrhage and necrosis in burns, 
occasionally associated with intestinal ulceration, suggested to Dr 
Ravdin a possible relationship between these lesions. 

Elliott,“ in 1914, reported gastric ulceration following bilateral 
suprarenalectomy in cats. The gastric juice in these animals examined 
just before death retained its normal acidity. 

Mann,** in 1916, performed bilateral suprarenalectomy in sixty dog: 
the operation being done in two stages. In forty of these animals ulcera- 
tion appeared in the stomach or duodenum before they died or wer 
killed. Of forty animals in which only a unilateral suprarenalectom 
was done, ulcers appeared in only one dog. The ulceration was of tw 
types: (a) widespread erosions, limited usually to the fundus of th 
stomach, and (b) punched-out ulcers varying in size from 2 mm. t 
2 cm., located usually in the prepyloric region of the stomach. Th: 
duodenal mucosa was usually congested, and five dogs showed ulcer- 
tion in this area. These ulcers usually extended down to the muscular: 
mucosa, and often a vessel in the base of an ulcer caused hemorrhag: 
Ligation of the common pancreatic duct or the formation of an externa 
biliary fistula did not prevent the formation of ulcers after bilateral 
suprarenalectomy. In a group of animals fed soda at four hour interval: 
ulceration developed in only one, which suggests acidity as a factor 
In a group of ten dogs, posterior gastrojejunostomy was performe’ 
between stages of the suprarenalectomy, and in this group ulceratio 
developed in only four. In another series, a loop of jejunum was trans 
planted behind the stomach, reestablishing the intestinal continuity by # 
anastomosis below this loop. Suprarenalectomy was then performe 


23. Harris, R. I.: Fatal Burn, Death Due to Hemorrhage into the Suprare: 
Capsule and Hemorrhage from a Duodenal Ulcer, Brit. J. Surg. 16:677, 1929. 

24. Elliott, T. R.: Some Results of Excision of the Adrenal Glands, J. Phys! 
49:38, 1914. 

25. Mann, F. C.: A Study of Gastric Ulcers Following Removal of 1 
Adrenals, J. Exper. Med. 23:203, 1916. 
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in two stages, and although ulceration appeared in both the stomach 
and the isolated loop, it was much more pronounced in the stomach. 
This seemingly indicated that while acidity was a factor, it was not the 
primary one. Mann *° found that the ulcers usually appeared at the site 
of hemorrhage into the mucosa, and he considered that they appeared 
during the moribund period. 

In this connection, the work of Elman and Hartmann’ is inter- 
esting. These authors were able to produce duodenal ulceration in six 
dogs in which the total pancreatic juice was diverted to the outside 
through an external fistula. The ulcers were rather large and extended 
down through the entire mucosa, usually appearing two weeks after 
the fistula was formed. Berg and Jobling ** were able to produce duo- 
denal ulceration in thirteen of twenty-three dogs by means of an 
external biliary fistula, and Kapsinow *® produced duodenal ulcers in 
seventeen of forty-three dogs in which all the bile was short-circuited 
into the terminal ileum through a cholecystenterostomy after ligation 
of the common bile duct. 

Stewart and Rogoff *° observed gastric and duodenal ulceration in 
forty-eight of one hundred and eighteen suprarenalectomized dogs and 
in twenty-nine of a series of eighty-nine suprarenalectomized cats. Blood 
was occasionally found in the gastro-intestinal tract of these animals 
at autopsy, and the presence of patches of hyperemia, hemorrhage and 
atrophy was noted in the pancreas. Levy and Armingat ** found gastric 
ulcers in five of six cats in which a two stage suprarenalectomy was 
performed. The ulcers varied in number from one to sixteen. In none 
of these animals was any evidence of ulceration found in the small 
intestine. 


sritton ** and others performed bilateral suprarenalectomy in a series 
of twenty cats. The average duration of life after operation was 7.5 days. 


26. Mann, F. C.: Further Studies on Gastric Ulcers Following Adrenalectomy, 

Exper. Med. 24:329, 1916. 

27. Elman, R., and Hartmann, A. F.: Spontaneous Peptic Ulcers of the Duo- 
denum After Continued Loss of Total Pancreatic Juice, Arch. Surg. 23:1030 
(Dec.) 1931. 

28. Berg, B. N., and Jobling, J. W.: Biliary and Hepatic Factors in Peptic 
Uleers, Arch. Surg. 20:997 (June) 1930. 

29. Kapsinow, R.: The Experimental Production of Duodenal Ulcer by Exclu- 
sion of Bile from the Intestine, Ann. Surg. 83:614, 1926. 

30. Stewart, G. N., and Rogoff, J. M.: Studies on Adrenal Insufficiency, Am. 
J. Physiol. 91:254, 1929, 

31. Levy, M., and Armingat, J.: Suprarenals in the Production of Gastric 
Ulcers, Arch. d. mal. de l'app. digestif 20:1104, 1930. 

32. Britton, S. W.: Observations on Adrenalectomy in Marsupial, Hibernating 
ind, Higher Mammalian Types, Am. J. Physiol. 99:9, 1931. Britton, S. W., and 
Silvette, H.: Some Effects of Cortico-Adrenal Extract and Other Substances on 
\drenalectomized Animals, Am. J. Physiol. 99:15, 1931. Britton, S. W.; Flippin, 


J. C., and Silvette. H.: The Oral Administration of Cortico-Adrenal Extract, 
Am. J. Physiol. 99:44, 1931. 
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Bilateral suprarenalectomized doys survived an average of ten days, 


After unilateral suprarenalectomy, dogs usually lived for from two to 
three months, but were found to succumb in a few days if placed on a 
high protein diet. The blood sugar in the suprarenalectomized animals 
began to fall with the first indication of suprarenal insufficiency, dropping 
below 50 mg. per hundred cubic centimeters of blood in over one half of 
the animals. Consistently there was a rise in the blood urea nitrogen, 
the values reaching from 40 to 80 mg. per hundred cubic centimeters 
of blood. Blood chlorides were found to be diminished, while the blood 
calcium was increased. At autopsy the animals showed congestion of 
the gastric mucosa, with some ulceration, and an associated congestion 
of the pancreas. Rats, opossums and ground hogs reacted in a similar 
manner, both chemically and anatomically. Interestingly enough, ground 
hogs subjected to bilateral suprarenalectomy during the summer months 
survived for a period of from one to ten days, while those operated 
on during the winter lived for from twenty to one hundred and twenty 
days, usually dying with the approach of spring. Swingle ** stated 
that in his work the urea nitrogen was the most valuable index of 
approaching suprarenal insufficiency. 

Best and McHenry,** in a recent review of the literature on his- 
tamine, called attention to the fact that this substance may be a factor 
in the production of peptic ulcer. The relationship between histamine 
and epinephrine was first studied by Dale and Richards,** in 1918, and 
subsequently investigated by Dale,** Kelloway and Cowell,** Lucas, 
and others. It has been postulated that many physiologic processes are 
effected in opposite ways by histamine and epinephrine, and the fact 
that epinephrine may be liberated from the suprarenal glands with the 
injection of histamine further suggests that these two substances may be 
physiologically antagonistic. Dale ** has shown that bilateral suprarenal- 
ectomy appears to increase the sensitivity of the animal to histamine 
about thirty times. The evidence, however, is conflicting regarding the 
exact nature of this antagonism, and also whether it is the cortex of 
the suprarenal, the medulla or both that are active in protecting against 
histamine. 


33. Swingle, W. W., personal communication. 

34. Best, C. H., and McHenry, E. W.: Histamine, Physiol. Rev. 11:371, 1931. 

35. Dale, H. H., and Richards, A. N.: The Vaso-Dilator Action of Histamine 
and of Other Substances, J. Physiol. 52:110, 1918. 

36. Dale, H. H.: Some Chemical Factors in the Control of Circulation, Lancet 
1:1179 (June 8); 1233 (June 15) and 1285 (June 22) 1929. 

37. Kelloway, C. H., and Cowell, S. J.: On the Concentration of the Blood and 
the Effects of Histamine in Adrenal Insufficiency, J. Physiol. 57:82, 1922. 


38. Lucas, G. H. W.: Blocd and Urine Findings in Desuprarenalized dogs, 
Am, J. Physioi. 77:114, 1926. 
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In this connection, Mcllroy’s *® report on the production of acute 
gastric ulceration in cats following the administration of histamine 
should be noted. Buchner, Liebert and Malloy *° produced similar 
ulcers in rats with histamine. O’Shaughnessy ** was able to produce 
acute gastric ulcers in cats following the injection of histamine into the 
layers of muscle in the stomach. 

Cushing ** recently reported three fatal cases of perforated acute 
peptic ulcer following operations for cerebellar tumor. In a complete 
review of all the available evidence to date on the neurogenic origin 
of ulcer, Cushing has collected data which suggest a theory which may 
lead to an entirely different concept of the etiology of certain peptic 
ulcers. 

I was interested in ascertaining whether or not intestinal ulceration 
would occur when the suprarenals were only damaged, not removed. 
Since the Curling type of ulcer undoubtedly occurs in burned patients 
who survive, I wished to simulate as closely as possible a type of 
suprarenal damage which would produce no gross evidence of supra- 
renal insufficiency. Not only did this approach to the subject suggest 
a possible explanation for the duodenal ulcer seen in cases of severe 
burn, but it was felt that additional information regarding the etiology 
of peptic ulcer might be obtained. 


EXPERIMENTAL DATA 


I wish to report observations on twenty-four dogs subjected to 
varying degrees of suprarenal damage. Of the twenty-four animals, 
twenty-one were examined at autopsy. Eighteen were subjected to 
bilateral suprarenal damage, while three had only one suprarenal gland 
traumatized. The suprarenal cortex was injured chiefly, but the medulla 
was also traumatized to a lesser extent, a high frequency coagulating cur- 
rent being used. A minimum period of one week toa maximum period of 
three weeks was allowed to transpire between operations. The animals 
were killed at varying periods of from one week to one month after 
completion of the operative procedure. 

Congestion involving the mucosa of both the stomach and the small 
bowel was noted in six cases, being marked in three and moderate in 
three. Congestion of the mucosa of the small intestine alone was more 


J 39. McIlroy, P. T.: Experimental Production of Gastric Ulcers, Proc. Soc. 
Exper. Biol. & Med. 25:268, 1928. 

40. Buchner, F.; Liebert, P., and Malloy, P. J.: Concerning the Experimental 
Production of Acute Peptic Ulcers in the Rat’s Stomach, Beitr. z. path. Anat. u. 
z. allg. Path. 81:391, 1928. 

41. O'Shaughnessy, L.: Etiology of Peptic Ulcers, Lancet 1:177, 1931. 


42. Cushing, Harvey: Peptic Ulcers and the Inner Brain, Surg., Gynec. & 
Obst. 55:1, 1932. 
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striking, being of moderate degree in three animals, marked in seven 
and extreme in one. Diffuse hemorrhage into the mucosa of the small 
intestine was noted in one animal, beginning abruptly at the pyloric 
ring and extending down through the duodenum and upper jejunum 
(fig. 1). Frank gastro-intestinal hemorrhage with freé blood in the 
stomach and small intestine was present in three dogs. 

In seventeen of twenty-one animals definite ulceration was present 
in the small intestine, being most marked in the duodenum, but also 
present in the jejunum and upper part of the ileum. In no case was 
any evidence of gastric ulceration found. 

The ulcers were of two distinct types, which I have classified as 
acute and chronic on the basis of their appearance. In ten animals 
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Fig. 1 (dog 288).—Extreme congestion of the duodenal mucosa, beginning 
abruptly at the pyloric ring and associated with free blood in the small bowel. 
This dog died within twenty-four hours following cauterization of the second 
suprarenal gland. Numerous areas of superficial ulceration were found in the small 
bowel at autopsy. 


the ulceration was of the acute type (fig. 2), appearing as superficial 
circular or ovoid areas of mucosal destruction, with clean, punched-out 
borders extending only partially through the mucosa. From five to 
ten ulcers were frequently present throughout the duodenum and the 
jejunum. The average length of life following the first operation in 
this group of dogs was 17.3 days. Nine of the ten animals had been 
subjected to bilateral cauterization, while the remaining animal had only 
ene suprarenal gland damaged. 

Seven of the seventeen animals presented definite circumscribed 
ulcers of a more chronic type (fig. 3), with heaped-up edges and 
excavated craters at autopsy. These ulcers appeared in the duodenum, 
jejunum and upper part of the ileum, from three to eight being present 
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Fig. 2—Acute superficial ulceration occurring in the duodenum of the dog 


several days after bilateral suprarenal cauterization. Intense congestion of the 
mucosa of the proximal duodenum is also illustrated. 








Fig 


3 (dog 433).—Duodenal and jejunal ulceration following bilateral supra- 


renal cauterization. 


The dog was killed thirty-two days after the primary opera- 
tion, 


and autopsy revealed considerable fresh blood in the gastro-intestinal tract 
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in each animal. No ulcers were found above the pyloric ring, although 
in several animals they began just distal to it. The ulcers extended 
through the entire mucosa, down to the muscularis mucosa, but there 
was no evidence of perforation in any case. One animal with fresh 
blood in its small bowel at autopsy showed an eroded vessel in the base 
of a small duodenal ulcer, which proved to be the bleeding site. The 
average length of life in this group of animals following the prelimi- 
nary operation was 24.5 days. All but two of this group had been 





Fig. 4—Low power photomicrograph through the edge of a “chronic” ulcer, 
showing the crater overlying an area of lymphoid tissue. 


subjected to bilateral suprarenal damage. Ulcers appeared on the bases 
of Peyer’s patches (fig. 4) and in areas where no lymphatic germinal 
tissue was present. In fact, no definite location on the intestinal wall 
showed a predilection for them. 


Gastric analysis in three animals showed no definite variation from 
normal. Studies of the blood sugar were made on eleven fasting 
animals during the postoperative period. The average blood sugar 
was 82 mg. per hundred cubic centimeters, the lowest being 40 mg. pet 
hundred cubic centimeters and the highest, 126 mg. per hundred cubic 
centimeters of blood. Tests for sugar tolerance were performed pre- 
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Fig. 5.—Low power photomicrograph of superficial duodenal ulcer following 


bilateral suprarenal damage in the dog. Destruction of the superficial mucosa is 
evident. 


bases 
minal 
wall 


from 
sting 
sugar 
y, per 
cubic 
pre- 





Fig 


form 


6.—Low power section showing necrosis of mucosal cells. Early stage of 
ation of deep ulcer following bilateral suprarenal damage. The cellular reac- 
S apparent. The muscularis mucosa is intact. 
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operatively on three dogs and repeated one week after the second 
suprarenal cauterization. In two animals the postoperative sugar curye 
showed a definite decrease in the tolerance of the animals to dextrose. 
while the third curve was considered normal. The animals were active 
and appeared normal during the postoperative period, although loss oj 
weight was rather striking in a number of them. Determinations 
of blood urea nitrogen were made preoperatively and postoperative) 
in three animals. There was no elevation in the urea nitrogen during 


Fig. 7—High power section through base of the ulcer. Glandular elements 
have nearly disappeared, and the mucosa is replaced by inflammatory and necrotic 
mucosal cells. 


the postoperative period. These studies suggested that suprarenal insui- 
ficiency was not present to any marked degree. 

At autopsy the suprarenals showed a varying degree of destruction. 
with fibrosis and regeneration occurring in some sections. Examination 
of the pancreas in each instance disclosed no gross lesion. 

Microscopic sections of the more superficial ulcers showed a circum 
scribed destruction of the superficial mucosa, but there was no evidene: 
of any chronic cellular exudate. There were some congestion and 
hyperemia of the tissues, but the picture was that of an acute ulcerative 
process without marked cellular reaction (fig. 5). 
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Sections of the deeper ulcers showed a much more marked destruc- 
tion of the mucosa; in some places it was almost entirely destroyed 
(fig. 6). The muscularis mucosa appeared to be partially eroded in 
some sections, but in none was it completely destroyed. Glandular 
elements were almost entirely absent from the base of the ulcers, and 
great numbers of lymphocytes and polymorphonuclear leukocytes were 
seen in the tissues forming the walls of the craters of the ulcer (fig. 7). 
No thrombi were visible in any of the adjacent vessels. 


COMMENT 


There can be no doubt that peptic ulcer is being seen more fre- 
quently in medical and surgical clinics during recent years. Stimulated 
by the problems which this increasing number of patients presents, a 
considerable amount of experimental and clinical data has been pub- 
lished in an effort to explain the origin of the lesions. 

In the experimental laboratory, gastric and duodenal ulceration has 
been produced in animals by many and varied methods. Most of the 
experimental work has been directed primarily against the stomach or 
duodenum, on the assumption that peptic ulcer is essentially a local 
disease. That experimental ulcer can be produced by mechanical, 
chemical or traumatic procedures cannot be denied. That the funda- 
mental basis for these lesions is always local is open to question. 

The concept that peptic ulcer may take its origin on a neurogenic 
basis is by no means new. Beginning with the work of Rokitansky, 
to whom credit is given for first suggesting a neurogenic basis for 
gastro-intestinal ulceration, Cushing *? recently clearly reviewed the 
entire subject. 

The relationship between the sympathetico-suprarenal system and 
the parasympathetic nervous system has in recent years been carefully 
studied. These two systems, in the normal person, presumably exist 
in a state of balance. A variety of conditions, however, may interfere 
and alter this relationship, leading to a predominant effect of one 
system over the other. To quote Cushing: 


As far as the stomach is concerned, on this working basis of imbalance between 
the sympathetic and parasympathetic system, it is known that vagal stimulation 
causes increased motility and secretion, whereas sympathetic stimulation gives 
reverse effects; and as a natural corollary vagal paralysis diminishes secretion 
and motility, whereas sympathetic paralysis increases them, presumably by releasing 
the vagus from the check normally exercised by the sympathetico-adrenal apparatus 
against its overactions. 


In the balanced relationship existing between the sympathetic and 
parasympathetic systems, the suprarenal glands play an important part. 
Bilateral suprarenalectomy has repeatedly resulted in gastric and some- 
times duodenal ulceration in various types of laboratory animals. The 
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effect in such instances is to break an important link in the homeo- 
stasis of the animal. In the experiments reported in this paper the link 
was not completely broken. In fact, as far as I was able to ascertain 
by chemical studies of the blood, at most only a minor degree of supra- 
renal insufficiency existed. Nevertheless, seventeen of twenty-one ani- 
mals on which autopsy was performed showed some type of ulceration 
of the small bowel. 

It is interesting that gastric ulceration was not observed in any 
instance, although congestion of the gastric mucosa was observed. 
I am unable to explain why gastric ulcer has been repeatedly observed in 
the suprarenalectomized animal, while in the experiments reported here, 
where the suprarenals were only damaged, the ulceration occurred in only 
the small intestine. It may be thought that this could be explained 
on the basis that many of the ulcers appeared in the lymphatic follicles, 
but many had no such background and were situated in such posi- 
tions on the intestinal wall as to be well removed from any Peyer's 
patches. 

I do not feel justified, with the evidence at hand, in offering any 
definite explanation concerning the origin of these ulcers. The fre- 
quency with which they occur following simple damage to the suprarenal 
glands, however, suggests that a definite relationship probably exists 
between the suprarenal glands and the gastro-intestinal tract. Whether 
the duodenal and jejunal ulceration is the result of a break in the sym- 
pathetic chain, with a resultant hyperactivity of the parasympathetic 
glands acting through the vagus, remains to be definitely proved, 
although such a sequence of events would seem to suggest itself. 

The relationship between suprarenal activity and histamine is as yet 
also purely conjectural. Dale ** and Best and McHenry * have sug- 
gested a physiologic antagonism between these substances, but it is not 
possible, at this time, to go beyond the mere possibility of such an 
antagonism existing normally in the organism. 


SUMMARY 


1. Suprarenal hemorrhage, either microscopic or macroscopic, is 4 
common finding in cases of fatal burns. 


2. Partial destruction of the suprarenal glands, not sufficiently exten- 
sive to cause gross suprarenal insufficiency, results in the rather constant 
production of ulceration in the duodenum and jejunum of the dog. 

3. In a series of twenty-one dogs, seventeen showed definite ulcera- 
tion in the small bowel after bilateral suprarenal cauterization, but in no 
case was ulceration seen proximal to the pyloric ring. 

4. Perforation never occurred in any of the animals, although gross 
hemorrhage into the intestinal tract was observed in three instances. 
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5. In ten animals the ulcers were of the acute superficial type, while 
in seven ulcerative lesions were revealed at autopsy which both grossly 
and microscopically appeared more chronic. 

6. The possibility that suprarenal damage may disturb the normal 
balance between the sympathetic and parasympathetic nervous systems 
is discussed. 


7. This experimental work may add further support to the neuro- 
genic theory of formation of peptic ulcer, although the entire subject 
is not as yet clearly understood. 
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POINTS IN THE SURGERY OF THE FRONTAL 
LOBES OF THE BRAIN 


JAMES R. LEARMONTH, Cu.M., F.R.C.S. (Epb.) 
AND 
HAROLD C. VORIS, Ps.D., M.D. 
Fellow in Neurologic Surgery, the Mayo Foundation 


ROCHESTER, MINN. 


This paper deals with some of the anatomic and physiologic pecu- 
liarities which govern the operative treatment of certain lesions of the 
contents of the anterior cranial fossae, and includes a description of a 
method of exposing the latter. It is not intended to be in itself a com- 
plete survey of the field; many practical points have been recorded by 
other surgeons, and reference will be made to these in the appropriate 
places. Details concerning the various types of lesions are best assembled 
in papers which are confined to a particular type; because many such 
studies are now available, it may be not unprofitable to revert now and 
then to a regional outlook, by attempting to combine in broad outline an 


account of the surgical difficulties which are the sum, or perhaps even 
the product, of lesion and site. Although much of what follows may 
be already familiar to individual surgeons, the paper is based on a 
considerable experience, which insures that any procedure that is 
described, and any statement that is made, has at least been subjected to 
exacting tests. 


POINTS IN THE SURGICAL ANATOMY OF THE COVERING OF THE 
ANTERIOR FOSSAE 


The surgeon is especially interested in the extent of the frontal sinus, 
in the arrangement of the diploic veins, and in the arrangement of the 
dura and its vessels. These features are subject to variation with the 
age of the patient ; for example, neither the frontal sinus nor the diploe 
is fully developed in childhood. 

Frontal Sinus —The extent of the frontal sinus may be gaged from 
roentgenograms of the head. In children it is never extensive enough 
to be in the line of the lowest perforation of an osteoplastic flap, but in 
adults it may extend as high as 5 cm. on the forehead. It is traditional 
to lay stress on avoiding it, but we have never seen harm result from 


From the Section on Neurologic Surgery, the Mayo Clinic. 
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opening it; such an opening may be plugged with bone wax or covered 
with animal membrane (Adson) but if the mucous membrane is intact 
4 small bit of muscle is enough. Rarely the sinus may encroach on the 
hase of the bone flap; Logan Turner? has recorded a case in which it 
was limited laterally by the bony wall of the temporal fossa, and mesially 
extended along the roof of the orbital cavity as far as the anterior edge 
of the optic foramen. 


Diploic Veins (fig. 1).—An illuminating paper on the veins of the 
diploe was published by Jefferson and Stewart * in 1928. The subject 
is naturally of interest to the neurologic surgeon, because it is useful 


Anterior 


Fig. 1—The arrangement of the diploic vessels (solid lines) and meningeal 
vessels (open lines) as viewed from above. (By the permission of the British 
Journal of Surgery and Messrs. G. Jefferson and Stewart.) 


to know the points on the edges of the skull and the bone flap where 
bleeding from diploic veins is to be expected. The frontal diploic veins 
take the form of a stumpy “Y,” the stalk of which emerges through a 
small opening in the supra-orbital ridge to join the angular vein. In 
the temporal part of a bone flap will be the anterior and posterior tem- 


1. Turner, A. L.: On the Illumination of the Air Sinuses of the Skull, with 
Some Observations upon the Surgical Anatomy of the Frontal Sinuses, Edinburgh 
M. J. 45:460, 1898. 

2. Jefferson, Geoffrey, and Stewart, D.: On the Veins of the Diploe, Brit. J. 
Surg. 16:70 (July) 1928. 
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poral veins, which converge toward the great wing of the sphenoid, 
where they communicate with the meningeal veins on the one hand and 
with the sphenoparietal sinus on the other. It is said that frequently 
the anterior temporal vein runs more deeply, in the dura, and that its 
course is represented by the groove anterior to that for the middle 
meningeal vessels; it ends in the sphenoparietal sinus. It is always 
necessary to apply bone wax to the cut outer end of the great wing of 
the sphenoid to check the free oozing which is a result of the anasto- 
mosis between diploic veins, meningeal veins and sphenoparietal sinys, 
Bleeding from the inner surface of the bone flap is venous, and the 
multitude of small oozing points represents the places of anastomosis 
between diploic and meningeal veins. 


Fig. 2—Greatly enlarged diploic veins in a case of large right frontal 
meningioma. 


The arterial supply of the bone flap is derived from branches of the 
deep temporal arteries on the outer side, and from branches of the 
middle meningeal artery on the inner side. The surgeon makes use of 
this arrangement when he strips the temporal muscle from below upward 
from the greater part of the bone flap, to lessen the risk of a postopera- 
tive extradural collection of blood. Although this procedure must 
deprive the bone of most of its remaining blood supply, its vitality is 
singularly rarely jeopardized. 


Not all cases of intracranial tumor are accompanied by dilatation of 
the diploic veins. In some cases, however, these veins may be so large 
that the cutting of the bone flap is a formidable business, with the 
possibility of great loss of blood (fig. 2). In these it is a good plan (as 
Adson has shown) to cut a broad groove in the bone with ordinary 
nibbling forceps; it is then possible to plug each canal with wax, which 
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cannot be done through the cut made by a Gigli saw. This method should 
also be used for isolating any piece of skull invaded by a meningioma. 


Dura—The arrangement of the dura in two layers has been utilized 
by Elsberg * to secure the gradual decompression of tumors in the under- 
lying frontal lobe. The bone of the flap is sacrificed, and the outer layer 
of the dura stripped off ; the increase in intracranial pressure gradually 
stretches the thin inner layer, which prevents the brain from breaking. 
This maneuver is well adapted to cases in which intracranial tension is 
so high that the dura cannot be opened safely, and in such patients, we 
have used it with satisfaction. The separation is best begun toward the 
base of the skull, where the line of cleavage is easiest to find. 


A man who had a large spongioblastoma multiforme of the left 
frontal lobe was relieved of his symptoms by this operation in the month 
of October. We learned of his death in the following March, and 
that in the interval he had driven a rotary snow plough. 


Middle Meningeal Vessels (fig. 1)—The middle meningeal artery 
crosses the great wing of the sphenoid, to divide into anterior and pos- 
terior terminal branches. The former runs toward the pterion, and 
sometimes it is completely surrounded by bone; indeed in one case we 
saw it appear on the external aspect of the skull, where it was cut when 
the temporal muscle was incised.* It courses toward the vertex behind 
and parallel to the coronal suture. The posterior branch is directed 
toward the middle of the parietal bone, over the squamous temporal ; 
here it divides into branches which pass both upward and backward. 
Jefferson and Stewart have pointed out that the caliber of the middle 
meningeal artery is larger than is necessary for the supply of the avas- 
cular dura alone, and that it is of relatively large size so that it may 
nourish the overlying bone as well as the membrane. 

The branches of the meningeal veins lie between the corresponding 
arteries and the bone, and they are responsible for the grooves on the 
inner aspect of the skull. Above they pass to the finely-meshed caver- 
nous systems of the lacunae, the presence of which prevents fierce 
reflux bleeding from the longitudinal sinus when the veins are divided 
near the vertex. They communicate freely with the diploic veins; in 
long-standing hydrocephalus the blood in the diploic veins is likely to 
collect in pools around these communications. 


3. Elsberg, C. A.: The Réle of the Dura Mater in Cranial Decompressive 
Operations; Note on the Preservation of the Inner Layer of the Dura in Cranial 
Decompression Operations, and on the Use of the Outer Dural Layer for the 
Plastic Closure of Dural Defects, Ann. Surg. 87:15 (Jan.) 1928. 

4. This anomalous course was the cause of a musical murmur synchronous with 
cardiac systole, and loudest over the gap in the bone. 
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POINTS IN THE SURGICAL ANATOMY OF THE FRONTAL LOBES 


Form.—The form of a frontal lobe, as encountered on the operating 
table, differs from that of an anatomic specimen. As Macewen: 
emphasized, the mesial portion of the orbital surface is not flat, but dips 
downward to fill up the not inconsiderable trough floored by the cribri- 
form plate of the ethmoid bone; during elevation of the lobe, this 
difference in levels in the floor of the anterior cranial fossa must be 
borne in mind. 


Arteries (fig. 3).—The arterial supply of the frontal lobe is derived 
from two sources, the anterior and the middle cerebral arteries. When 
the surface of the lobe is exposed by craniotomy, it is useful to remember 
that its edges are nourished by the anterior cerebral artery, and its 
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Fig. 3.—The arteries of the outer aspect of the right frontal lobe, showing the 
vascular watershed. 


central part by the middle cerebral artery. The branches of the former 
appear over the rim of the lobe, and pass over its surface to supply the 
upper and lower frontal convolutions and the anterior part of the middle 
frontal convolution. The branches of the latter radiate from the sylvian 
point to supply the remainder of the lobe. This arrangement has a 
bearing on the directions in which incisions into the lobe are to be made. 
Although it is true, as Cobb * has pointed out, that the superficial arteries 
of the brain are not “end-arteries,” because they are connected by a wide 
capillary bed, nevertheless the occlusion of any one of them leads to 
disturbances of nutrition in its area of supply. Obviously, therefore, 


5. Macewen, William: Atlas of Head Sections, Glasgow, James Maclehose 
and Sons, 1893. 

6. Cobb, Stanley: The Cerebral Circulation: XIII. The Question of “End- 
Arteries” of the Brain and the Mechanism of Infarction, Arch. Neurol. & Psychiat. 
25:273 (Feb.) 1931. 
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when it is possible, incisions into any part of the cerebral cortex should 
be made parallel to the vessels, and in the watershed between the two 
sources of arterial blood, the brain should be uncapped (to use the term 
introduced by Cushing *) until the edges of the opening are well within 
the territories of both arteries. 

Under certain conditions it is desirable to remove (uncap) the 
anterior end of a frontal lobe, in order to improve the access to baso- 
frontal or hypophyseal growths. Naturally because of the intellectual 
functions of the frontal lobes this maneuver is employed as seldom as 
possible; but we have not noted any prohibitive degree of intellectual 
impairment after its use. The watershed between the territories of 


Sup. longitudinal sinus 
awd oouDD 


S al TT ul 
“Reins Herophili 
Ant. cerebral vein : 


Deep sylvian vein Basel Veinof Straight 
Orbital frontal veins { —> Gin 
i a vein alen sinus 


Sup. petrosal sinus 
—> 

L—_ 
Na 3 srficial 


sylvian 
vein 


Int. juguler vein 


Fig. 4—The venous drainage of a frontal lobe. 


the anterior and middle cerebral arteries forms a convenient line to mark 
the limits of amputation. When lobectomy is judged to be the best 
method of treating an intracerebral growth, the amputation may be 
carried 3.5 cm. posteriorly from the frontal pole before the cavity of the 
ventricle is reached. 


Veins (fig. 4).—The veins of the frontal lobe that are exposed by 
trontal craniotomy are arranged in superior and inferior groups.® 


7. Cushing, Harvey: Intracranial Tumors, Springfield, Ill, Charles C. 
Thomas, 1932. 

8. Browning, William: The Veins of the Brain and Its Envelopes: Their 
Anatomy and Bearing on the Intracranial Circulation, New York, F. B. O’Connor, 
1884. Sargent, Percy: Some Points in the Anatomy of the Intracranial Blood 
Sinuses, J. Anat. & Physiol. 45:69 (Jan.) 1911. 
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The superior group consists of two named veins, the frontal and 
the precentral, and perhaps two or three smaller unnamed veins. The 
veins of this group begin in small venules about a finger’s breadth above 
the level of the horizontal limb of the fissure of Sylvius. Occasionally 
an additional vein passes upward between the named veins; this is the 
superior branch of the superficial sylvian or Trolard’s vein, and it con- 
nects the latter with one of the superior cerebral veins, or with the 
longitudinal sinus ; sometimes it is so large that it seems to be the chief 
superficial vein for the anterior part of the hemisphere. These veins 
increase in size as they approach the longitudinal sinus ; from about half 
an inch to an inch from their termination they leave the surface of the 


Fig. 5.—The ways in which the cerebral, meningeal and diploic veins reach the 
longitudinal sinus; a, dura mater; b, longitudinal sinus; c, lacuna; d, diploic veins; 
e, meningeal vein; f, subarachnoid space; g, falx cerebri; h, cerebral veins, and i, 
cerebral cortex. 


brain, cross the subarachnoid space, and apply themselves to the deep 
surface of the dura mater, usually where it forms a lacuna. Commonly 
there will be two lacunae in the field of operation, a small frontal lacuna 
under which the frontal vein disappears, and the anterior end of the 
large parietal lacuna, under which the precentral vein disappears. It has 
been pointed out by Stopford® and by Le Gros Clark *® that almost 
always the cerebral veins do not open into the lacunae, but into the sinus 
directly (fig. 5). The close application of the cerebral veins to the under 
surface of the lacunae is therefore deceptive; the lacunar afferents 


9. Stopford, J. S. B.: The Functional Significance of the Arrangement of 


Cerebral and Cerebellar Veins, J. Anat. 64:257 (April) 1930. 
10. Le Gros Clark, W. E.: On the Pacchionian Bodies, J. Anat. 55:40 (Oct.) 
1920. 
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belong to the meningeal and diploic venous systems. This anatomic 
arrangement is not without surgical significance; it allows an operator 
to stop the bleeding from a lacuna without interfering with the return 
of blood from the hemisphere. Commonly the terminal part of each 
venous trunk is joined by a vein from the mesial surface of the lobe; 
not infrequently, however, the latter veins enter the substance of the 
falx cerebri about midway between its upper and lower borders, and 
pass upward to the longitudinal sinus. When they are at all enlarged 





they may offer a formidable obstacle to the displacement of the lobe from i 
the falx. ’ 4 

The frontal vein approaches the sinus at a right angle, and the pre- 
central vein is inclined somewhat forward. The openings of the cerebral f 
veins into the sinus are “so constructed and arranged that they are 4 
permanently open,” ° and it has been suggested that this provides a if 


physiologic mechanism to maintain a pressure in the cerebral veins . fz 
sufficient to withstand the pressure of the cerebrospinal fluid. The 
distortion of these veins by parasagittal tumors has been dealt with by 
Elsberg ** in a valuable paper. 

The inferior group comprises the veins which drain the lower and ‘oe 
under aspects of the lobe, and they join the cavernous and superior 
petrosal sinuses. Two named veins follow the sylvian fissure, a super- 
ficial (vein of Trolard**) and a deep vein. The former follows the 
fissure ; at its anterior end the vein penetrates the dura at the outer end 
of the small wing of the sphenoid, curves around over the floor of the 
middle fossa and ends either in the superior petrosal sinus or in the 
cavernous sinus; this vein is to be safeguarded if the frontal lobe must 
be displaced. The deep vein lies at the bottom of the sylvian fissure, and 
when it reaches the anterior perforated space, it unites with the anterior 
cerebral vein from the longitudinal fissure, and with veins from the 
orbital surface of the lobe, to form the basal vein of Rosenthal.1* The | 


basal vein curves backward around the crus cerebri to join the vein of } 
Galen. 
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No hard and fast rule can be laid down regarding the neurologic 
complications which may follow ligation of these vessels. At least in . 
the child, the longitudinal sinus is said to communicate at its anterior 
end with the veins of the nose, so that after its occlusion there is a : 
possible channel for the return of the blood. However, ligation or . 








ll. Elsberg, C. A.: The Parasagittal Meningeal Fibroblastomas, Bull. Neurol. ; 
Inst, New York 1:389 (Nov.) 1931. 

12. The term “vein of Trolard” is not infrequently, but incorrectly, applied to 
the vein that connects the superficial sylvian vein with one of the superior cerebral 
veins or with the longitudinal sinus. 

13. Occasionally these tributaries of the basal vein open into the cavernous sinus. 
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resection of the sinus is seldom necessary, even for the removal of 
parasagittal meningiomas. The nearer to the rolandic fissure a ligature 
has to be placed, the more likely is paresis to appear; fortunately this 
is usually temporary. Tears in the sinus are best sealed with pledgets 
of muscle; if necessary, these may be held firmly against the tear by 
anchoring sutures, passing from the dura of one hemisphere to that 
of the other. 

Ligation of the cortical veins themselves is rarely unavoidable ; occa- 
sionally, however, their upper ends may course over a tumor from which 
they cannot be separated. The degree and extent of the paralysis which 
follows their purposeful occlusion varies with the pattern of the veins. 
We have seen a case in which ligation of the upper end of the pre- 
central vein was not followed by any gross paralysis; in another case, 
ligation of the lower end of the precentral vein was followed by hemi- 
plegia, which improved somewhat in the course of time. In a third 
case, in which the superior branch of the vein of Trolard was tied during 
the removal of the parasagittal meningioma, a permanent brachial mono- 
plegia resulted. 


SURGICAL DIAGNOSIS OF TUMORS OF FRONTAL LOBES 


In certain circumstances the final localization of a tumor of the 
frontal lobe may require preliminary surgical measures. These circum- 


stances may be grouped as follows: (1) when it is certain that an intra- 
cranial tumor is present, but no localizing feature can be found; (2) 
when, as not infrequently happens, the clinical picture is in keeping 
either with a tumor of one frontal lobe, or with a tumor of the opposite 
cerebellar lobe, and (3) when it is tolerably certain that a tumor is 
growing in one of the frontal lobes, but there is doubt as to the side. 
Ventriculograms will decide any of these difficulties, but it may be pos- 
sible to dispense with the injection of air and to rely for the diagnosis 
on the results of ventricular puncture. 

Tumors of the frontal lobes do not always affect the ventricular 
system in the same way. Those that are near the foramina of Monro 
may obstruct the flow of fluid from one or both lateral ventricles, so 
that these become dilated ; the dilatation is often unequal, and is then 
greater on the side opposite to the tumor. When the growth is situated 
in the anterior part of a frontal lobe, dilatation of the ventricles is absent, 
and the ventricle on the side of the tumor may contain much less fluid 
than normally. 

A tumor of a frontal lobe gives rise to a characteristic filling defect 
in the anterior horn of the corresponding lateral ventricle (fig. 6). If 
the tumor is large and is situated on the mesial aspect of the lobe, a 
similar filling defect may be apparent in the opposite anterior horn also. 
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This pressure must be transmitted through the falx cerebri, and the 
occasional occurrence of these contralateral filling defects shows that 
the falx is by no means a rigid partition. Naturally, bilateral filling 
defects are found in the presence of a bilateral parasagittal tumor such 
as a meningioma, or of a tumor of the corpus callosum. 


For the surgical localization of tumor of a frontal lobe it is best, 
and often quickest, to tap both lateral ventricles. If a small ventricle, 
containing only a few cubic centimeters of fluid, is encountered on one 
side, the procedure need not be prolonged, for this finding not only 
rules out cerebellar tumor, but also lateralizes the growth. When both 
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Fig. 6.—Characteristic filling defect in the anterior horn of the lateral ventricle 
produced by a tumor in the frontal lobe. 


ventricles are found to be dilated, it is wisest to proceed with the injec- 
tion of air, because only in this way can a diagnosis be made between 
supratentorial and infratentorial growths. Although the dilatation may 
be marked enough to raise a suspicion that the growth is below the 
tentorium, if it is in a frontal lobe its presence will be betrayed by a 
filling defect shown in the lateral ventriculogram. When the filling 
defect is bilateral, the growth may be lateralized by inspection of the 
anteroposterior ventriculogram; the ventricular system is always dis- 
placed away from the side on which the growth (or, in the case of a 
bilateral tumor, most of the growth) is present. When the fluid 
obtained by ventricular puncture is xanthochromic, it is likely that the 
tumor impinges on or invades the ventricular system. 
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OPERATIVE TECHNIC 


Methods of Approach (fig. 7).—Various methods are in use for exposing the 
contents of an anterior fossa, or anterior fossae. When a unilateral exposure j 
desired, the bony part of the flap is placed so as to give the required access, and 
the choice of skin incision varies with the preference of the surgeon. Thus it 
may conform to the outline of the bone flap (Cushing, Adson) ; it may be shaped 
to turn forward as a broad-based flap, whereas the bone flap turns outward (Naf- 
ziger,1* Frazier +), or it may be made parallel to the coronal suture (Souttar.’ 
Learmonth '7). Excellent access is also given by an osteoplastic flap, the base oj 
which, both skin and bone, follows the supra-orbital ridge and a corresponding 


Fig. 7.—Various osteoplastic flaps used to expose the frontal lobes: a, 
Naffziger’s and Frazier’s flap; b, Sachs’ unilateral flap; c, Sachs’ bilateral flap; 
d, Adson’s flap; e, Souttar’s and Learmonth’s flap, and f, Cushing’s flap; +-y indi- 
cates the base of the bony part of the flap. 


level in the temporal fossa (Sachs !*). When both anterior fossae must be exposed, 
the procedure may be the forming of bilateral osteoplastic flaps, opening outward, 


14. Naffziger, H. C.: Personal communication to the authors. 

15. Frazier, C. H.: Differential Diagnosis of Lesions in and Adjacent to the 
Sella Turcica, Am. J. Surg. 16:199 (May) 1932. 

16. Souttar, H. S.: Hunterian Lecture on New Methods of Surgical Access t' 
the Brain, Brit. M. J. 1:295 (Feb. 25) 1928. 

17. Learmonth, J. R., and Kernohan, J. W.: Three Cases of Epidermoid Cyst 
of the Brain, S. Clin. North America 11:853 (Aug.) 1931. 

18. Sachs, Ernest: The Diagnosis and Treatment of Brain Tumors, St. Louis 
C. V. Mosby Company, 1931. 
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and cut either through a coronal incision or through incisions in the skin corre- 
sponding to the outlines of the bone flaps; or, as Sachs prefers, the roof of both 





a fossae may be turned forward on a base which follows the supra-orbital ridges. 

he Before the bone is lifted off the superior longitudinal sinus, Sachs recommends that 

pad the sinus be freed from the bone; when making a bilateral exposure we prefer to 

/ leave a girder of bone, however slim, over the sinus, because the bone flaps can be ; 
% firmly secured to it at the end of the operation. 
url Technic—For some time we have used the technic, a description of which fol- 7 ‘ 
e of lows, to obtain access to the contents of the anterior cranial fossa. It is described . 
ding in detail, not as an improvement on other methods but as a procedure which has q 


tll 


been satisfactory in every way. 
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Fig. 8.—Method of attaching drapings. 
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flap: We have used local anesthesia whenever possible, supplemented by the adminis- 
+ indi- tration of a suitable dose of one of the barbiturates the night before operation, and : 
again an hour or so before the injection is made. If the patient wishes a general \ ey 
anesthetic, for reasons which will be stated this is best continued through an intra- t; 
posed, tracheal tube. The patient is placed on the operating table with the face pointing ; ; 
omend, upward, and the occiput resting in a “doughnut” made of cotton wool. :7 
The incision (fig. 7 e) passes across the head, in the line of the coronal suture; i 
the advantages of an incision of this type have been enumerated by Souttar. The i 
to the Scar is within the hair line, and this may have an economic as well as a cosmetic i 
appeal. It divides the scalp in the watershed between the territories of the internal 
cess to and external carotid arteries. When the osteoplastic flap is replaced, the line of . a 
the incision in the scalp is not superimposed on the incisions in the cranial bones. fe 
d Cyst It is often unnecessary to make the long tragus-to-tragus incision described by  § 
Souttar ; this is indispensable only when it is possible that a bilateral exposure may . 

Louis, have to be secured. When the operation is to be strictly unilateral, for example in 


dealing with a hypophyseal adenoma, the incision may be stopped halfway between 
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the median line and the tragus of the opposite side; an additional incision per. the c 
pendicular to this, and passing anteriorly to the hair line, may be added, or the cyst 
incision may be slanted, so that it begins at the tragus and ends at the hair-line tumo 
of the opposite side, midway between the median line and the zygoma. The chosen dextr 
incision is marked lightly on the skin, and then four towels are sewn in place along to op 
it (fig. 8); at the ends, an effort should be made to embrace the temporal vessels and 1 
in the grasp of one of the sutures, and when the anterior towel is being fastened fall | 
a suture should be placed in the line of each supra-orbital artery, in an endeayor the « 
to control these vessels. If these hemostatic sutures are successfully placed, bleed- T 
ing from the incision is minimal. As the incision is made, bleeding from its poste. have 
rior edge is controlled in the usual way by the application of hemostats to the is su 
galea, for they aid retraction by their weight; on the anterior edge we have found with 


it most convenient to use the skin clips employed by Adson, which are as effectual 
and not so cumbersome (fig. 9). |. When the incision has been completed, wound 
towels are sewn to the galea aponeurotica (fig. 10). 


LTE 


SM W/O 


Fig. 9.—Method of controlling bleeding from the edges of the incision. 





The scalp is then stripped from the forehead and everted, until the supra-orbital 
margin is reached, where the supra-orbital artery may have to be tied; if a general 


anesthetic is being used, the “scalping” is least hindered by the use of an intra- per 
tracheal tube. The scalp is also stripped backward about 5 cm. to the posterior by 
limits of the proposed incision in the bone. The edges of the incision are kept 
apart by some form of self-retaining tractor. We have found it advisable, for a: 
cosmetic reasons, to make the perforation near the nasion with a trephine; before of 
this is done, a flap of periosteum with its base over the supra-orbital ridge is of 
turned forward from the site chosen for the perforation (fig. 10). In men, because dec 
of the possibility of baldness, the mesial middle perforation may also be made with of 
a trephine. The total number of perforations required will vary; when the skull ast 
is thick, and when the vascular channels on the inner table have prominent banks, 
closer spacing of the perforations makes for ease in passing the guide for the Gigli av: 
saw. op 
After the bone flap has been broken outward, the intracranial pressure may be tio 


so great that it would be unwise to open the dura. If a tumor is present, and it is 
cystic, the intracranial pressure can be sufficiently reduced by partial evacuation ot 
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the cyst through a brain cannula, or a spinal puncture needle of large bore; the 
cyst can be more easily identified later, if it is not completely emptied. If the 
tumor is solid, the intravenous injection of 100 cc. of a 50 per cent solution of 
dextrose will often lower the intracranial pressure enough to allow the surgeon 
to open the dura. When the dura has been opened, access to the hypophyseal region 
and to the orbital surface of the frontal lobe is improved by allowing the head to 
fall backward, when the weight of the frontal lobe will tend to displace it from 
the orbital plate of the frontal bone (fig. 11). 

The methods of dealing with meningiomas exposed by craniotomy of this type 
have been discussed in a practical manner by Elsberg. If a subcortical tumor 
is suspected, it may be sought for, and when found, delimited by cautious punctures 
with a brain cannula; for this purpose we have found it best to employ the stilet of 
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Fig. 10—Wound towels have been sewn to the galea. Anteriorly a flap of 
periosteum has been retracted, and the disk of bone beneath it has been removed 
by a trephine. 


a stout hypodermic needle, to which an olive tip has been fused, the resilience 
of the shaft of this “seeker” making it very sensitive to changes in the consistence 
of the brain tissue.1° If a tumor of the glioma group is found, the surgeon must 
decide either to be content with providing decompression, or to attempt the removal 
of the whole or part of the growth. Although this is a general problem, its various 
aspects may be considered in this section. 

Whatever the peculiar circumstances of the case, certain generalizations are 
available to aid in the decision. The surgeon is concerned lest, as a result of his 
operation, the patient remain aphasic or his intellect be blunted. The former condi- 
tion arises when the growth involves the so-called speech center on either side. On 


19. This suggestion was made by Dr. H. E. Robertson of the Mayo Clinic. 
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the whole, it has been our experience that whether the defect in speech is the resyl 
of pressure on, or actual invasion of, Broca’s area, the risk of producing permanent 
and complete aphasia is rarely so great as to prohibit a radical attack on a rela- 
tively benign growth. Moreover the presence of so-called motor aphasia does not 
necessarily reduce the intellectual capacity of the patient. With regard to the 
latter condition, we may begin by stating that our own experience coincides with 
that of Sachs that lesions of a particular frontal lobe, for example the left jn 
right-handed persons, do not lead to a more profound intellectual defect. 

The most striking change in personality that we have met was in a right-handed 
woman, who had an astrocytoma in the right frontal lobe. She had a mild dispo- 
sition before her illness,-and the only feature in her case, other than bilateral choked 
disks, was the periodic occurrence of violent outbursts of anger, in one of which 
she attacked her son-in-law with a pitchfork. 

The problem of conservation of intellect is therefore present regardless of the site 
of the tumor. The largest issue may be taken first; it has been the collective 


Fig. 11—A dural flap has been fashioned. The superficial sylvian vein may be 
noted leaving the hemisphere to pass into the dura of the middle fossa. The inset 
shows a figure-of-eight suture for closing the skin and galea. 


experience at the Mayo Clinic, that primary frontal lobectomy for tumor has been 
almost invariably followed by some degree of permanent mental impairment, which 
sometimes has been so extreme as to be socially and economically objectionable. 
Therefore we hardly ever employ this type of operation. The problem of local 
partial or total removal of a growth is best viewed from the standpoint of 
pathologic anatomy. Tumors confined to the pole of the lobe can be removed 
without much risk of intellectual impairment, and for this there are developmental 
and architectonic reasons. When the tumor occupies the body of the lobe, the 
decision is more difficult. When the tumor is cystic, or when it is partially or 
wholly encapsulated, it is likely that the fibers about it have been displaced and 
compressed, and thus physiologically blocked; in these circumstances, a radical 
attempt at extirpation is likely to be followed by restoration of function rather 
than by further impairment, and all neurosurgeons are familiar with the rapid and 
often dramatic improvement in mentality which may occur during an operation of 
this nature. On the other hand, ill defined tumors such as astrocytomas grow 
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between the fibers, often without compromising their function, and any attempt at 
extirpation must perforce include with the tumor tissue physiologically intact 
cerebral pathways. Large tumors of this histologic nature are probably best treated 
by decompression only, for their life history is so prolonged that the interests of 
the patient are best served by relief of the increase in intracranial pressure; as 
Holmes 2° has emphasized, many “mental” symptoms are due wholly to generalized 
increase in intracranial pressure. Paradoxically enough, in the case of the most 
malignant spongioblastoma multiforme, its pseudo-encapsulation suits it for sub- 
total removal, as providing the greatest relief during the short period which its 
host has still to live. 

Other factors may influence the surgeon’s decision. The wishes of the patient’s 
friends must be consulted, and if possible those of the patient himself. It may be 
that grave risk must be taken in an effort to afford the patient an interval of 
mental clarity during which he can settle financial or domestic affairs ; an excellent 
example of the successful shouldering of this responsibility is quoted by Cushing. 
The economic condition of the patient and his family is a ponderable factor, for, 
on the one hand, more radical measures may be employed when one is sure that if 
physical and mental symptoms persist, adequate care is available during the remain- 
der of the patient’s life, without imposing an intolerable financial and personal 
problem on his friends; on the other hand, occasional aberrations which would be 


Fig. 12.—Drain for craniotomy wounds. 


merely fantastic in an unskilled laborer might lead to irretrievable catastrophe in 
a person occupying a position of financial or professional responsibility.?1 

One other pathologic point may be mentioned: when the “tumor” proves to 
be composed of blood vessels, our experience coincides with that of Bailey and 
Cushing, that it is best not to attack it directly. It has been the practice at the 
Mayo Clinic to treat these lesions by decompression, followed by adequate roent- 
genotherapy, and the results have been as satisfactory as the operation has been 
safe. 

When the intracranial part of the operation has been completed, we are in 
the habit of covering with Cargile membrane any part of the cortex uncovered by 
dura; the piece of membrane is shaped to lie under the edges of the incision in the 
dura, and is kept in place by replacing the dural flaps over it. However, when 
there is any possibility that a cyst may have to be retapped, we do not place 
membrane over the area of cortex that will be traversed by the needle, because the 
tough membrane may interfere with the puncture. 

In cases in which cerebral tissue has been removed, and in those in which the 
intracranial pressure following operation is likely to be low, we invariably leave a 
drain in position. The drain consists of a soft rubber tube, slit at one end, and 





20. Holmes, Gordon: Discussion on the Mental Symptoms Associated with 


Cerebral Tumors, Proc. Roy. Soc. Med. (Sect. Neurol. and Sect. Psychiat.) 24: 
997, 1931. 


21. Bailey (personal communication to the authors) also emphasizes this point. 
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containing a wick of gauze (fig. 12). It is laid along the base of the flap, with 
its cut end flattened over the brain as a guard, and the end of the gauze resting 
on the outer end of the small wing of the sphenoid bone. It is brought to the 
surface through a small stab wound over the posterior inferior end of the incision 
in the bone, about 3 cm. behind the main incision. A waiting suture is left in the 
stab wound. Surgical drainage of craniotomy wounds is a bogey which should be 
stripped of its terrors; we have never seen any infection as a result of it, or any 
prolonged leak of cerebrospinal fluid, and we have never had to deal with post- 
operative hematoma in a case in which a drain had been used. 

After the bone flap has been shaped, if desired, for decompression, it is replaced 
and sutured to the skull by three threads of strong silk, passed through drill holes 
corresponding to its anterior and posterior ends, and its upper angle. Fixation of 
the bone flap holds it in position until the wound in the bone has consolidated, and 
thus in the case of an inoperable growth helps to avoid the formation of a large 
cerebral hernia, a complication which is as distressing and repugnant to patient and 
to surgeon as any in the practice of surgery. The disk of bone from the forehead 
is replaced, and its periosteum sutured over it. 

At this stage, if hypertonic solutions have been used, and the brain is still lax 
(as after operations on the hypophysis), it is a good plan to give 1 or 2 liters of 
physiologic salt solution intravenously; this restores the bulk of the brain and 
obliterates the space between the frontal pole and the dura. 

Finally the incision in the skin is closed. In the absence of any high degree of 
increase in intracranial pressure, this is conveniently and quickly carried out by 
figure-of-eight sutures, which embrace the galea aponeurotica in the small loop of 
the 8. When the intracranial pressure is high, galea and skin are sutured sepa- 
rately. At each end of the wound a small rubber dam drain is inserted toward the 
nasion. These allow the scalp to fall against the skull, and they may be removed 
in forty-eight hours, when their exit is closed by a waiting suture. Finally the 
head is firmly bandaged with a gauze bandage, the “drift” of which is made to 
run from forehead to occiput, so that the scalp is pressed into position. 


Postoperative Treatment—Any oozing which occurs after the wound is closed 
is or should be venous; the patient is therefore returned to a bed, the head of 
which is elevated, to diminish the likelihood of the formation of a postoperative 
clot. If there has been a reduction in the bulk of the brain, as a result either of 
shrinking and retraction (as after operations for hypophyseal growths), or of 
removal of tissue (as after extirpation of tumors), the patient should lie face 
downward for about twelve hours; this position encourages the frontal lobe to flow 
forward against its bony case, and thus minimizes the risk of intradural or extra- 
dural bleeding. If the intracranial pressure remains high, as after palliative decom- 
pression for bulky growths, we have thought that there seemed to be less trouble 
from cerebral edema as a result of dislocation of the tumor, if the patient lay with 
his head pillowed on the side of the operation, so that gentle pressure was main- 
tained on the flap. In such cases an effort may be made to anticipate and prevent 
the edema, by the intravenous administration of hypertonic solutions two or three 
times a day. The amount of these injections, and their content of dextrose, will 
vary with the amount of fluid which the patient is able to take by mouth. In spite 
of every precaution it sometimes happens, as has been emphasized by Cushing, that 
the redistribution of the intracranial contents which follows decompression leads 
to the development of cerebral edema. This complication most often follows the 
decompression of a spongioblastoma multiforme. Its onset may be fulminating; if 
local anesthesia is being used, the patient may become comatose on the operating 
table, and if he has been under the influence of a general anesthetic he may not 
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recover consciousness when it is discontinued. Both these events are of exceedingly 
grave omen, and although the patient may live several days, we cannot recall an 
instance of either in which the patient responded to treatment, and ultimately sur- 
vived. When this complication seemed imminent, in cases in which the opposite 
lateral ventricle was dilated, we have tried the effect of draining it for a day or 
two with a flanged cannula or a ureteral catheter, but without any consistent 
amount of success. 

After successful interventions, patients who have been mentally clouded often 
regain their intellectual faculties rapidly. In other cases, the process of mental 
restoration is gradual, and in still others it may occur rapidly, after an interval 
during which operation seems at first sight to have been disappointingly valueless. 
During such transitional stages, careful nursing is of great importance; the burden 
of nursing care may be greatly lightened by the use of a retention catheter, and the 
regular cleansing of the bowel by enema. The nurse’s greatest difficulty is often 
the overcoming of an unreasoning negativism on the part of the patient, and this 
may make his feeding a crucial problem. In such cases, the quickest solution of the 
difficulty is to feed through an indwelling nasal tube, on a concentrated fluid diet 
rich in vitamins. If the season is suitable, the sooner the patient can be taken out 
of doors the better, and these airings not infrequently prove to be the turning point 
in his convalescence. 

In an uncomplicated case the drain in the suture line and that in the flap are 
shortened in twenty-four hours, and removed in forty-eight hours. When a drain 
has not been used, lumbar puncture performed on the first and second days helps 
to rid the cerebrospinal fluid of any broken-down red blood corpuscles. If the 
frontal subarachnoid pathways for the absorption of cerebrospinal fluid have been 
interfered with as a result of a destructive operation on a frontal lobe, it may be 
several days before the necessary readjustments are made in the disposal of the 
fluid, and after removal of the drain it may be necessary to assist the absorbing 
system by aspirating, with a needle and syringe, collections of blood-stained cere- 
brospinal fluid under the flap. 

Now and then a patient who seems to be making a satisfactory recovery dies 
with a suddenness that does not give time for treatment; in these rare cases death 
appears to be due to respiratory failure, and the features of the accident suggest 
pulmonary embolism, but at necropsy no macroscopic reason for fatality can be 
found. 

If figure-of-eight stitches have been used to close the skin, they are cut on the 
seventh day, allowed to loosen overnight, and removed on the eighth day. When 
the skin and the galea aponeurotica have been closed separately, the sutures in the 
skin may be removed in two days. In either case, at the end of ten days a simple 


ointment applied as a dressing for a day or two will remove any crusting from 
the scar. 


OPERABILITY OF TUMORS OF THE FRONTAL LOBES 


During the eighteen years from 1914 to 1931, one hundred and eighty 
tumors involving one or both frontal lobes have been verified histo- 
logically at the Mayo Clinic, either at operation or at necropsy. Of 
these, one hundred and sixty-two were observed during the period of 
ten years from Jan. 1, 1922, to Jan. 1, 1931. The pathologic diagnosis 
of these growths is shown in the tabulation. 

These figures cannot be utilized to determine the incidence of each 
type of tumor, because many cases have been excluded in which a 
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glioma was probably present, but was not verified. On the other hand, 
from the point of view of the practicing neurosurgeon they can be 
used to determine the number of each type of growth which he may 
expect to encounter at operation. 

If the table is examined in this way, the first striking figure is the 
unusually high percentage of meningiomas found in the frontal region, 
In our series they amount to 41.7 per cent of all verified growths, in 
contrast to 13.4 per cent, the proportion of meningiomas occurring in 
Cushing’s series of 2,023 verified tumors of the brain as a whole. This 
high frequency of meningiomas is explained by the occurrence in the 
frontal region of two basal sites of election for such growths, the 
meninges covering the olfactory grooves and the meninges in the neigh- 
borhood of the sella turcica. Thus of our seventy-five meningiomas, 


One Hundred and Eighty Cases of Tumor of, or Involving, the Frontal Lobes 


Histologic Diagnosis Cases Per Cent 
Meningioma 
Hemangio-endothelioma 
Hemangioblastoma 
Gangliocytoma.... 
i th ikke 6ib-04 cadny rus ckue cee teasel whetnws 
Spongioblastoma multiforme 
Spongioblastoma polare 
Astrocytoma 
Astroblastoma 
Oligodendroglioma 
Oligodendroblastoma 
Ependymoma 
Sarcoma 
Lymphosarcoma (metastatic) 
Adenocarcinoma (metastatic) 
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thirty-three were situated on the convexity of the lobe, twenty-one were 
parasagittal, five were suprasellar and sixteen were attached to an 
olfactory groove. 

Meningiomas of the convexity of the frontal lobes, including para- 
sagittal meningiomas, are nearly always operable,”* although the diff- 
culties and dangers attending their removal vary widely from operation 
to operation. The most easily dealt with are the rounded growths pre- 
senting solely on the outer surface of the lobe and wholly intradural. 
Involvement of the skull and of the scalp at once increases the technical 
difficulty of extirpation, although the problem of dealing with the defect 
in the bone has recently been simplified by the suggestion of Naffziger, 
that the tumorous bone be boiled and replaced as an autogenous graft; 
our colleague Craig has used this device in two recent cases, with most 


22. We say “nearly” always, because we have seen a case in which a tumor 
had been present for more than thirty years. It had resisted several attacks, and 
had finally come to involve almost the whole of one side of the skull, as well as 
erupting into the temporal muscle. 
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happy results. A more difficult problem is the removal of parasagittal 
crowths ; their small presenting area, close to the median line, belies the 
often huge bulk of tumor hidden between hemisphere and falx. More- 
over their attachment corresponds to the area of confluence of the 
cerebral and meningeal veins with the longitudinal sinus. Precise direc- 
tions for the management of these veins have been given by Elsberg. 
Here it may be added that when it seems advisable to increase exposure 
by incising the brain, advantage may be taken of the vascular watershed, 
te which reference has been made; thus the growth may be uncapped 
by removal of the edge of the lobe supplied by the anterior cerebral 
artery. Although such a procedure violates the rule that incisions into 
the brain should be made parallel to its arteries, it has the compensating 
advantage of being placed parallel to the long association tracts. Most 
dificult of all to deal with are parasagittal meningiomas which are 
bilateral. There is no royal road to their successful removal; only slow 
deliberate manipulations are possible, and the difference between success 
and failure often depends on the judgment of the operator as to how 
much his patient can tolerate at one sitting. 

The intricacy of the important structures around the growth makes 
the removal of a suprasellar meningioma a difficult surgical problem; 
Cushing and Eisenhardt ** have recorded the relations of a number of 
specimens. The process of disentangling the growth from such adjacent 
structures as the optic nerves and chiasm, the anterior cerebral arteries 
and the wall of the third ventricle may tax the endurance of both 
patient and surgeon. It has been suggested by Cushing that greater 
freedom of manipulation could be obtained by deliberate division of the 
optic chiasm, and the anterior communicating artery occasionally binds 
down the growth in much the same way as the chiasm. The division 
of this artery between clips would not, in the majority of instances, lead 
to any arterial insufficiency, but it must be remembered that in a cer- 
tain number of cases the anterior cerebral artery of one side is the direct 
continuation of the anterior communicating artery, and in such a case 
division of the latter vessel would be at least hazardous. A meningioma 
in this situation sometimes follows the arteries in its growth, so as to 
form a tumorous sleeve for them, and such tumors are obviously inoper- 
able; we have met with one specimen, in which the only vessel in the 
circle of Willis not enclosed in a layer of tumor tissue was the left 
posterior communicating artery. 





23. Cushing, Harvey, and Eisenhardt, Louise: Meningiomas Arising from the 
Tuberculum Sellae, with the Syndrome of Primary Optic Atrophy and Bitemporal 
Field Defects Combined with a Normal Sella Turcica in a Middie-Aged Person, 
Arch. Ophth. 4:1 (Jan.) ; 168 (Feb.) 1929. 
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Meningiomas of the olfactory grooves are generally operable. Oeca- 
sionally, as in a neglected case which we saw, the tumor may ultimately 
invade the lateral mass of the ethmoid bone, and in such a case prudence 
would dictate that at least the lower part of the growth be left undis- 
turbed. In securing adequate exposure of large growths in this region, 
the principle of uncapping the frontal lobe through the arterial water- 
shed may be usefully employed. 

We have alluded to the treatment of angioblastic growths. The 
solitary epidermoid cyst encountered in our series was easily evacuated. 

With regard to gliomatous tumors, of a total of ninety specimens, 
forty-two, or almost half, were identified as spongioblastoma multi- 
forme ; their complete enucleation is an impossible achievement, although, 
as has been mentioned, partial removal is usually in the best interests 
of the doomed patient. Of the seventeen astrocytomas, six tumors were 
cystic and contained a removable mural nodule. Some consideration has 
been given to the factors which guide the surgeon in dealing with solid 
specimens, and they apply to all the more slowly growing gliomas. In 
brief, we believe that the smaller the tumor, and the more anteriorly it 
is situated, the more radical should be the attempt at extirpation. Larger 
and more ill defined tumors, that approach the rolandic fissure, we 
prefer to deal with by decompression alone. A further pathologic point 
may be emphasized: On more than one occasion we have extirpated 
such growths because the immediate histologic diagnosis has been astro- 
cytoma, only to be disappointed by the later finding that sections cut 
at leisure from various parts of the tumor showed areas which con- 
formed to the histologic picture of spongioblastoma multiforme. There 
appears to be a not inconsiderable group of such growths, and this fact 
has deterred us from, rather than encouraged us in, attempts at the 
more radical treatment of large infiltrating gliomatous tumors. 
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A REVIEW OF MODERN TREATMENT OF BURNS 


J. PEYTON BARNES, M.D. 
HOUSTON, TEXAS 





HISTORICAL DATA 











Grecian mythology teaches that of all the animals man was the last 
race created, and in consequence thereof was most poorly endowed 
with physical gifts. So Prometheus stole fire from the hearthstone of 
the gods on Mount Olympus and bestowed it as a gift which would set 
man apart from all other animals. And so it has. But the sword with 
which civilization was founded is a two-edged one, and since time 
immemorial the followers of Aesculapius have sought to bring relief to 
those luckless mortals who have felt its bite. 

The remedies that have been employed in the treatment of burns 
are legion. But after all, the treatment of burns has developed along 
certain paths to reach its present state. At the beginning of 1800 
physicians were not so far away from the lard and aromatic oils of 
Hippocrates, and the first great improvement was the antiseptic treat- 
ment. Pirrie, of Aberdeen, in 18671 advocated the use of phenol after 
hearing Lister read a paper on its antiseptic value. Morris,? in 1882, 
in this country, was the next strong advocate of antisepsis in the pri- 
mary dressing. The principle of strict surgical cleanliness did not 
receive the endorsement it deserved until the beginning of the present 
century, as almost every burn was promptly smeared with some grease 
and then the patient was taken to a physician for treatment, thus making 
primary antisepsis a practical impossibility. The next advance was in 
learning that the burned patient had to be treated just as energetically 
as the local lesion itself, and Parker,* in 1844, was one of the first 
to urge treatment of the patient for shock. This principle was not 
stressed until late in 1880, and the significance of the observations of 
Cumin* in 1823 and of Baraduc*® in 1862 relative to the increased 
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1. Pirrie, W.: On the Use of Carbolic Acid in Burns, Lancet 2:575, 1867. 

2. Morris, R. T.: The Local Treatment of Burns, M. Rec. 22:653, 1882. 
3. Parker, W.: Burns and Scalds, in Cooper, Samuel: A Dictionary of Prac- 
tical Surgery, ed. 7, New York, Samuel S. and William Wood, 1844, p. 140. 

4. Cumin: Edinburgh M. & S. J. 19:337, 1823. 
5. Baraduc: Unione med., May 19, 1863. 
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viscosity of the blood in extensive burns did not receive its just due 
until the present century. Now the local lesion and the patient are 
treated with equal vigor. 

Enthusiasm for treatment of the local lesion was somewhat luke- 
warm until Passavant ® introduced the continuous submersion method 
to replace the time honored occlusive dressings of oils and ointments. 
The continuous bath has its advocates today, particularly for infants, 
but it is not universally practicable, and hence is not widely used. In 
1887, Copeland * made a radical departure from the older methods and 
introduced the open air treatment, by enclosing the burned area in 
pasteboard boxes and allowing nothing but air to touch the local lesion. 
This treatment had no followers of note until 1905, when Sneve ® again 
brought it forward. From 1905 to 1914 there were many controversies 
between the two schools of practice, and when Barthe de Sandfort' 
introduced paraffin wax, or “ambrine” as it was originally known, 
many clinicians adopted this new type of closed dressing. However, 
its disadvantages were many, and the search for a better local treatment 
was carried on through extensive clinical laboratory research. The 
culmination was reached in 1925, when Davidson *° produced his classic 
work on the use of tannic acid. 


PATHOLOGIC CHANGES IN BURNS 


Burns are classified according to their depth. The older classifica- 
tion of Dupuytren included six degrees, but clinicians of today, par- 
ticularly in England, Germany and this country, recognize only three: 
burns of first degree, or simple erythema; those of second degree, or 
blistering, and those of third degree, or charring. 

A burn is a coagulation necrosis of the structure involved and gives 
rise to the same inflammatory phenomena as occur in any other wound. 
Lee’s '! table shows the similarities between the pathologic phenomena 
of burns and those of inflammation. 


Burns Inflammation 
. Erythema, or first degree, equivalent to Hyperemia 
. Blistering, or second degree, equivalent to Exudation 
. Charring, phlegmon, or third degree, equivalent to Necrosis 
. Suppuration Suppuration 
. Cicatrization Repair 
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6. Passavant: Deutsche Klin. 10:348, 365 and 373, 1858. 

7. Copeland, W. P.: The Treatment of Burns, M. Rec. 31:518, 1887. 

8. Sneve, H.: The Treatment of Burns and Skin Grafting, J. A. M. A. 43:! 
(July 1) 1905. 

9. Barthe de Sandfort, E.: Bull. Acad. de méd., Paris 71:560 (April 14 
1914. 

10. Davidson, E. C.: Tannic Acid in the Treatment of Burns, Surg., Gynec. « 
Obst. 41:202, 1925. 

11. Stewart, F. T., and Lee, W. E.: A Manual of Surgery for Students anc 
Graduates, ed. 6, Philadelphia, P. Blakiston’s Son & Co., p. 169. 








due 


, are 


luke- 
thod 
ents. 
ants, 
In 

3 and 
ea in 
SiON. 
again 
eTSie€s 
fort* 
10WN, 
yever, 
tment 
The 


‘lassic 


sifica- 


, par: 
three: 
ee, OF 


| gives 
yvound. 
omena 


A, 43:1 
pril 14 
synec. 


ents and 










BARNES—MODERN TREATMENT OF BURNS 529 





A burn, therefore, should be regarded as a surgical wound. Although 
it exhibits all the phenomena commonly associated with a surgical 
wound, it presents one striking difference in that a wound is a solution 
in the continuity of a given structure, whereas a burn of the skin, for 
example, is a solution of the vital continuity of that structure, but not 
of its physical or mechanical continuity. This I believe to be the 
outstanding characteristic of the burn wound, and failure to recognize 
this distinction has made the successful treatment of burns a contro- 
versial subject for centuries, the despair of predecessors and above all, 
“a consummation devoutly to be wished.” No other type of injury 
can cause solution of the vital continuity with preservation of the 
physical or mechanical continuity of so large an area of tissue as a burn. 


PATHOLOGIC PHYSIOLOGY OF BURNS 


The normal, healthy, unbroken skin is composed of a cellular or 
epidermal layer, the corium or connective tissue layer, in which are 
embedded some of the hair follicles and sweat glands, and the main 
vascular or capillary bed. The delicate capillary walls form a closed 
system. Each individual cell of the tissues constitytes a unit unto itself, 
receiving its food and oxygen and giving up its waste products through 
a membrane by means of osmosis and diffusion. In a burn these struc- 
tures are subjected to great heat, which may destroy the epidermal cell 
layer and leave the corium, through which pass the majority of the 
sweat glands and hair follicles, to end in the subcutaneous fat. This is 
strikingly shown in second degree burns of Negroes, in whom the 
burned area resembles a white polkadot dress with thousands of tiny 
black spots, each representing hair follicles and sweat glands (fig. 1). 
The physical continuity of the corium is unaltered, but its vital con- 
tinuity is greatly changed. The outer layer of cells is destroyed; the 
deeper cells are so injured that cellular unity is lost, and the intra- 
cellular contents pour out. The capillary walls are broken down, and 
each tiny vessel stands wide open ready to receive into its lumen any 
substance with which it comes in contact. The blood plasma, contain- 
ing many enzymes and ferments of which little is known, pours out 
through the open capillaries and mingles with the liberated intracellular 
contents containing proteases and other digestants essential to cell 
activity, forming a fluid medium in which chemical changes begin at 
once. The skin is composed largely of protein material which is broken 
down by the heat, and this is subjected to the action of the various 
chemicals now present. The whole area becomes a seething layer of 
biochemical activity, truly a stewpot of the “Grim Reaper,” the brew 
from which must needs be absorbed directly into the blood stream of 
the unfortunate victim of a burn. Each systole of the patient’s heart adds 
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fuel to the flame by pumping fresh plasma into the mixture, and each 
diastole sucks away from it the highly toxic products newly formed. 
Clinical experience and experimental research have shown the toxic 
products poured so rapidly into the blood stream to be fraught with dire 
possibilities. Many different substances have been found, but no one 
specific toxin has been isolated. The majority of investigators agree 
that the chief offender is some product of protein metabolism which js 
manufactured at the site of the burn; *° its manufacture and absorption 
begin at the inception of the burn, and enough to produce death may 
be absorbed within the first twelve hours (Vogt **). 


The absorption of toxic products occurs mainly within the first 
twenty-four hours, by which time the reparative processes close the 
open capillaries, and any absorption thereafter is by osmosis through 








Fig. 1—Tanned membrane peeling off. Second degree burn in a Negro boy. 


the reestablished walls of the capillary bed. Robertson and Boyd” 
have shown that a lethal amount can easily be absorbed within the first 
eight hours; hence the primary treatment is of utmost importance in 
preventing subsequent toxic shock. 

Normal skin is a most efficient insulator and heat regulator of the 
body. The destruction of large areas of skin results in a marked 
loss of body heat through radiation (Lee ''), with an increase in shock 
pending the application of proper treatment. The advantage of keep- 
ing the burned patient in a very warm room or near a fire was recog- 
nized at an early date, but the reason for it only recently became 
generally known and accepted, largely through studies made during the 


12. Vogt, E.: Versuche ueber die Uebertragbarkeit des Verbrennungsgiftes, 
Ztschr. f. exper. Path. u. Therap. 11:191, 1912. 

13. Robertson, B., and Boyd, G.: Toxemia of Severe Superficial Burns, J. 
Lab. & Clin. Med. 9:1, 1923. 
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World War. The benefit derived from the widely used electric light 
cradle is due to the constant maintenance about the patient of a higher 
temperature than the normal body temperature, which prevents loss 
of heat from the patient’s body. 

The fluid lost at the site of a burn is the whole plasma of the blood 
(Underhill **). Until the capillary walls have been repaired there is a 
steady depletion of the blood plasma which finally results in, first, a : 
marked concentration of the blood, as shown in a number of cases cited 
by Underhill and his co-workers,’® and secondly, in extreme dehydra- 
tion due to the mobilization of all available water in the tissues. It is ia 
the increased viscosity of the blood which soon offers so great a resis- 
tance to contractions of the heart muscle that shock is either produced 
or increased. 

The total plasma proteins and the total plasma volume drop during g 
the first twenty-four hours, but if the patient recovers they return to i 
normal within the next few days. When the toxemia increases during 
this latter period, the loss of plasma proteins continues even though the 
volume of plasma remains normal; in such cases the loss of proteins 
occurs throughout the capillary bed of the entire body, owing to the 
alteration of its permeability produced by the absorbed toxin (Davidson 
and Matthew **). Coincident with the loss of plasma at the site of the 
lesion is a marked loss of sodium chloride. This can be estimated by a 
determination of the blood chloride, and an effort can be made to 
replace it. In this connection it has been shown that an animal can 
lose and compensate for the loss of from 3 to 36 per cent of its total 
sodium chloride content of the blood (Underhill, Kapsinow and Fisk 3"). 
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MECHANISM OF DEATH FROM BURNS 




















From a clinical standpoint, mortality from burns is divided into 
three major divisions: (1) deaths within the first twenty-four hours 
from primary shock; (2) deaths in from one to three weeks following y 
injury accompanied by all the evidences of a marked toxemia, or those 


from secondary toxic shock, and (3) deaths from sepsis. This gen- 








14. Underhill, F. P.: Changes in Blood Concentration with Special Reference 
to the Treatment of Extensive Superficial Burns, Ann. Surg. 86:840, 1927. 

15. Underhill, F. P.; Carrington, G. L.; Kapsinow, R., and Pack, G. T.: 
Blood Concentration Changes in Extensive Superficial Burns, and Their Signifi- 
cance for Systemic Treatment, Arch. Int. Med. 32:31 (July) 1923. 

16. Davidson, E. C., and Matthew, C. W.: Plasma Proteins in Cutaneous 
Burns, Arch. Surg. 15:265 (Aug.) 1927. 

17. Underhill, F. P.; Kapsinow, R., and Fisk, M. E.: Studies on the Mechan- 
ism of Water Exchange in the Animal Organism: V. Relationship of Blood 
Chlorides to the Chlorides of Edema Fluid Produced by Superficial Burns, Am. 5. 
Physiol. 95:334, 1930. 
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erally accepted classification is not accurate as my associates and I haye 
had two deaths from primary shock that continued beyond twenty-four 
hours, but it is sufficiently practicable to be followed in the present 
study. 

This review covers two hundred and five cases of burns seen during 
the past thirteen years, from 1920 to 1932, inclusive. There were forty 
deaths, a mortality of 19.5 per cent. Twenty-seven deaths (67.5 per 
cent) were from primary shock, and thirteen (32.5 per cent) from 
secondary toxic shock. 

All the deaths in the first twenty-four hour period occurred during 
profound shock. Not all of the patients were in a state of severe shock 
on admission, but the development of this profound shock was rapid, 
coming on from three to eight hours after the burn without preliminary 
delirium. This emphasizes the great importance of immediate and ener- 
getic treatment. Patients surviving the primary shock but dying from 
secondary toxic shock later can be divided into two distinct clinical 
groups. The first group (and the larger in this series) after thirty-six 
hours shows evidences of a marked toxemia by increase in temperature 
and pulse rate, both of which remain high as the patient becomes 
restless, irrational and finally frankly delirious, and dies from four to 
eight days following the burn. Nine of our cases were of this type, 
presenting the clinical picture of a progressive toxemia with fatal issue. 

In the second group the temperature is usually above 100 F., and the 
pulse rate ranges from 90 to 110 during the first ten days. The appear- 
ance, from the standpoint of ultimate results, is most deceptive. After 
ten days or so, and for no apparent reason, diarrhea, anuria, or both, 
or some other untoward symptom develops; the patients become irra- 
tional and delirious, go into a state of profound shock and die with 
dramatic suddenness. We had four deaths of this character. 

Primary shock is the main cause of death from burns. Reduction 
of the mortality rate calls for immediate, strenuous treatment to over- 
come it. The basic etiology of shock from any cause is not understood, 
but the outstanding clinical characteristic of shock is a failing circula- 
tion. Circulatory failure, vasomotor impairment or paralysis occurs 
primarily from either or both of two general causes. The heart muscle 
fails to function adequately when subjected to a powerful biochemical 
depressant, such as a drug or a bacterial or other toxin, or when the 
mechanical load is too great for the normal cardiac reserve. The 
influence of a burn toxin on the cardiac mechanism in this early period 
cannot be ignored, but the extreme circulatory weakness may be 
explained largely on a more mechanical basis when one recalls that 
the amount of work done by the heart is tremendous, being estimated 
at 102,332 foot-pounds of work every twenty-four hours. 
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Underhill, Kapsinow and Fisk** have shown that the volume of 
blood plasma poured out at the site of a burn is enormous. In animals ! 
burned over one sixth of the body surface, the amount lost was 70 per | 
cent of the total volume of blood. They estimated in clinical cases in ie 
which one third of the body surface of a 160 pound man is burned that f 
7,000 cc., or appoximately 140 per cent of the total volume of blood, 
may be lost at the site of injury. They reasoned that this may repre- a 
sent the limit to which the organism can give up its reserve water ul 
without losing its normal volume of blood, and when the limit of tissue 
water mobilization is exceeded a fatal outcome is considerably aug- 
mented by the inability of the organism to furnish water to maintain 
blood of a consistency compatible with adequate circulation. 

Further experiments with colloidal and noncolloidal dyes by the 
same workers ** indicate that the loss of plasma occurs almost entirely 
during the first twenty-four to thirty-six hours, and mainly during the 
earlier hours of this period. In severe burns the concentration of the 
blood is marked and rapid. It is much easier to prevent concentration 
of blood than to restore the normal level after a high concentration is 
established. The explanation for this is based on purely physical laws. 
The water equilibrium between the blood stream and the tissues is the 
resultant of two osmotic forces. The colloids of the tissue tend to 
pull water from the blood stream into the tissues, while the colloids of 
the blood stream pull water from the tissues. When the whole plasma 
of the blood escapes in a burned area, the osmotic pressure of the 
remaining cellular contents is greatly increased as the amount of colloid 
per unit volume is greater. The available tissue water is then drawn 
into the circulatory system to reestablish blood volume at the expense 
of dehydration of the tissues. If the fluid drawn from the tissues 
remained in the blood stream, probably no ill effects would ensue, but 
it is promptly poured out, while the cellular elements of the blood 
remain and again increase the concentration of blood. When the 
tissues have no more water to give up, the mechanical resistance offered 
by the increased viscosity of: the blood so increases the work of the 
heart that it falters, and profound primary shock begins to develop. 
Any fluid now introduced into the circulation cannot be retained because 
the depleted power of the blood colloids is overwhelmed by the tissue 
colloids, which continue to draw water into the dehydrated tissues until 
their force is reduced by dilution. 









18. Underhill, F. P.; Kapsinow, R., and Fisk, M. E.: Studies on the Mechan- 
ism of Water Exchange in the Animal Organism: III. The Extent of Edema 
Fluid Formation Induced by Superficial Burns, Am. J. Physiol. 95:325, 1930. 

19. Underhill, F. P.; Kapsinow, R., and Fisk, M. E.: Studies on the Mechan- 
ism of Water Exchange in the Animal Organism: II. Changes in Capillary Per- 
meability Induced by Superficial Burns, Am. J. Physiol. 95:315, 1930. 
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To summarize, during the first twenty-four to thirty-six hours the 
burned area acts as an open valve through which pour out first the blood 
plasma, then the mobilized tissue water and finally the water introduced 
from without minus the toll taken from it by the dehydrated tissues, 
After the first twenty-four to thirty-six hours, the capillary openings 
close, and the water equilibrium is reestablished provided an abundance 
of fluids is supplied during this period. 


DEATHS FROM SECONDARY TOXIC SHOCK 


For the past twelve or fourteen years medical opinion has leaned 
toward the theory of secondary toxic shock, and this tendency has been 
strengthened by recent experimental work and pathologic studies. Weis. 
kotten,”° in 1919, in ten fatal cases of burns found widespread pathologic 
changes rather uniformly distributed. The suprarenals were swollen 
and deeply red, with considerable edema of the perisuprarenal fat. 
Microscopically, the lesions were comparable to the central necrosis of 
chloroform poisoning. The most marked changes were found in the 
patients who had lived the longest. In the lymphatic tissues the lesions 
progressed for about three days, and then apparently regressed. His 
conclusion was that “these pathological conditions can be explained only 
by the presence of a poison, circulating in the blood stream, and having 
more or less specific action on certain cells of the body.” Olbrycht* 
after postmortem studies, concluded that in severe burns the most 
extensive changes are in the suprarenals; the amount of damage is 
roughly proportional to the extent of the burn and the patient's age, 
being most pronounced in the young. The suprarenals in his cases 
showed the same changes as occur in anaphylactic shock and peptone 
intoxication, and he ascribes them to toxins resulting from decompo- 
sition of protein material in the burned tissue. The necropsy obser- 
vations in fatal cases are similar to those in deaths from a specific 
poison circulating in the blood stream, as in diphtheria. 

Vogt, after establishing parabiosis between two animals, burned 
one of them, and both showed evidence of toxemia. His observation 
was confirmed by Vaccarezza.** Vogt? further showed that under 
conditions of parabiosis (1) the burned animal did not develop a 
severe a toxemia as when it was alone; (2) the unburned animal did 
not develop any toxic symptoms when it was separated from the burned 
one within the first twelve hours, and (3) when the animals were leit 
united, they both died of toxemia. Robertson and Boyd ** burned 

20. Weiskotten, H. G.: Histopathology of Superficial Burns, J. A. M. A 
72:259 (Jan. 25) 1919. 

21. Olbrycht, J.: Experimental Research on Death from Burns, Rev. de méé 
41:81, 1924; abstr., J. A. M. A. 83:1802 (Nov. 29) 1924. 


2. Vaccarezza, R. A.: Sur la cause de la mort par les brulures, Compt. rend 
Soc. de biol. 86:1114, 1922. 
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rabbits with hot metal plates, and toxic symptoms developed after from 
twenty-four to thirty-six hours. Burns of the skin, fat or muscle pro- 
duced toxemia. Removal of the burned tissue by excision less than 
eight hours after the burn saved the animals from all toxemia. The 
burned area, removed several hours after the infliction of the burn, 
was grafted onto healthy animals, and toxemia developed in all such 
recipients within an hour. Extracts from pieces of burned skin from 
1 to 2 cm. square would produce death or severe symptoms when 
injected into a 200 to 300 Gm. guinea-pig. Extracts made from normal 
skin or from the skin of animals burned after death produced no ill 
effects. Injection of the blood serum from a burned animal resulted 
only in anaphylactic reaction. Injection of whole blood from the burned 
animal caused marked toxemia in every instance, even though small 
amounts were used. Davidson? reported the cases of two patients in 
whom the decomposed protein material was precipitated by tannic acid 
and later covered with hot boric compresses. These patients promptly 
showed symptoms of severe toxemia, and one died. He expressed 
the belief that “when the colloids holding toxic substances were rehy- 
drated, the toxic substances were again made available for absorption.” 

Opposing the theory of toxemia, recent experimental work by 
Underhill and his associates'® tends to show that despite increased 
permeability of the capillaries at the site of injury, substances pass 
more readily from the capillaries to the wounded area than in the reverse 
direction ; after a short latent period, absorption from the burned area 
is slower than normal, and after eight hours the capillaries seem to 
have regained their normal permeability for colloid material. These 
workers believe that whatever symptoms develop during the secondary 
period are the result of infection rather than phenomena of the absorp- 
tion of a specific burn toxin. 

These findings, while of interest regarding absorption from the 
burned area, afford no substantial proof against the theory of toxin for- 
mation. We believe that the theory of toxin formation provides a 
firmer foundation than any other on which to rest the weight of our 
clinical impressions. 

The patients who die in the first four to eight days after the burn 
probably primarily receive an overwhelming amount of the toxin, 
against which an ineffectual battle is waged. In the patients who seem 
to hold their own until shortly before death and then die rather abruptly 
after ten days or so, the initial amount of toxin absorbed probably acts 
as an antigen and sensitizes the patient; further absorption results in 
anaphylactic shock and death (Tuder**). Without doubt infection 





23. Tuder, T. J.: The Modern Treatment of Burns, Internat. J. Surg. 28:282, 
1915, 
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plays a considerable but little understood part in all patients who die 
from secondary toxic shock. Infection is invariably present, but its 
role is supplementary to the toxemia, and is not the causus morti per se. 


NATURE OF TOXIN 


Strauss ** recently collected sixteen different toxins described by 


various investigators. The nature or exact composition of the burn 
toxin is unknown, but it probably results from the breaking down of 
protein. Robertson and Boyd ™ described it as consisting of two parts, 
one thermostabile, diffusible and neurotoxic, and the other thermolabile, 
colloidal and necrotoxic, and stated that chemically it consists of pri- 
mary and secondary proteoses. 


PROGNOSIS OF BURNS 
Patients at the extremes of life do not withstand burns as well as 
those in the more vigorous decades. One hundred and twenty-one oj 
our two hundred and five cases occurred in patients between the ages of 
20 and 50 years, with a mortality of 10 per cent. Sixty were under 20 
years, with a mortality of 31 per cent, and twenty-three were above 50 
years, with a mortality of 36 per cent. A fatal outcome is apt to follow 
burns of first degree involving two thirds of the body surface or burns 
of second degree affecting one third of the body surface in adults or one- 
seventh in children. All burns covering one third of the surface of the 

body are extremerely serious (Christopher *°). 


ESTIMATION OF AREA INVOLVED 


Berkow ** has prepared the following table, which provides a method 
for reasonably accurate clinical estimation of the percentage of the 
surface of the skin involved. 


Entire Body 100% 

Adult Children Under 12 Years of Age 

Lower extremities and buttocks = 38% 12—child’s age, plus 38 % 
Upper extremities = 18% 16% 
Trunk and neck = 38% 40% 
Head. = 6% 12—child’s age, plus 6 % 
Upper extremity: Hand = 2.5% 
Arm = 7.5% 


Lower extremity: Foot 3.0% 


= 6.0% 


9.5% 


a4 

Thigh 

Trunk: Anterior surface = 20.0% 
Posterior surface = 18.0% 


. Strauss, A.: Burns and Their Treatment, Ohio State M. J. 28:101, 1952 

5. Christopher, F.: Present Status of Burn Therapy, Am. J. Surg. 5:61, 1928 

. Berkow, S. G.: A Method of Estimating the Extensiveness of Lesions 
(Burns and Scalds) Based on Surface Area Proportions, Arch. Surg. 8:138 
(Jan.) 1924. 
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TREATMENT 


The aims of any treatment are twofold: to save life and to preserve 
or restore function. 


A cardinal principle in the treatment of all wounds, including burns, 
is the prevention of infection. Burn wounds are peculiar in that they 
are primarily sterile. In the fifth Book of Moses is found the fol- 
lowing: “Everything that may abide the fire, ye shall make it go 
through the fire, and it shall be clean.” These wounds likewise have 
been through the fire, and they are clean. No method, therefore, 
which introduces infection into a sterile field can be used except in 
flagrant disregard for every concept of medical science. 

In our series of two hundred and five burns, two of every three deaths 
took place in the first twenty-four hours. Hence, the primary effort 
should be directed to saving the life of the patient, preservation of func- 
tion being a secondary consideration. Early deaths, aside from the 
utterly hopeless cases, are probably due to mechanical causes incident to 
the great loss of blood plasma, dehydration of the tissues and the rapid 
concentration of the blood followed by the profound terminal shock. The 
use of tannic acid in precipitating the broken-down material and in seal- 
ing off the capillary bed at the outset is the best method of preventing 
loss of body fluids and heat. The only alternative method based on 
the same physiologic principles is the use of procaine hydrochloride- 
epinephrine packs introduced by Ravdin and Ferguson,** who applied 
0.5 per cent procaine hydrochloride with 10 minims (0.6 cc.) of 
epinephrine to the ounce of solution to cause vasoconstriction and 
to seal off the capillary bed. At present Ravdin ** favors tannic acid 
unless infection is feared, when he uses the procaine hydrochloride- 
epinephrine packs. Originally, a 2.5 per cent solution of tannic acid 
was used by Davidson, as he was afraid that a stronger concentration 
might result in too deep a caustic action. We use 10 per cent tannic 
acid in the effort to penetrate to the bottom of the burn and to secure 
at once a sterile scab, a sealed wound and a dry, noninfected and 
noninfective field. We have no fear that the stronger solution will 
damage living tissues. We spray 10 per cent tannic acid directly on 
the face without injury to the conjunctivae. The original idea was 
to coagulate only the top layers, but we endeavor to coagulate the 
entire thickness of the devitalized tissue, particularly that portion adja- 
cent to the living tissues. The stronger concentrations have a greater 


27. Ravdin, I. S., and Ferguson, L. K.: The Early Treatment of Burns, Ann. 
Surg. 81:439, 1925. 


28. Ravdin, I. S.: Personal communication to the author. 
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power of penetration than the more dilute ones (Schuetz **), Deep 
penetration seals the capillary bed and by conservation of body fluids 
prevents concentration of the blood. Tannic acid precipitates the toxip- 
forming materials in situ, and holds them inert; bacteria are caught 
in the precipitated material and rendered harmless. A thick scab js 
produced which protects the underlying nerve endings and other tissues, 
and splints the entire injured area. 

Complete excision of the dead and dying tissue under general 
anesthesia enjoyed considerable popularity at one time, but is now 
reserved for third degree burns, and the excision is followed by chem- 
ical sterilization of the raw area. As a primary procedure deébride- 
ment is rarely used. Bancroft,*’ formerly an advocate of débridement, 
now prefers tannic acid. Shortly after a burn it is impossible to 
differentiate the areas of second and third degree burns, and needless 
sacrifice of healthy tissue is inevitable with any primary débridement. 

The sodium bicarbonate bath treatment is based on the assumption 
that the proteases, which break down the protein material to form 
toxins, can act only in a faintly acid medium, and their activity is 
inhibited by a shift to the alkaline side (\Weiner*'). We have not 
employed this treatment, but it is commended for children. 

The preceding four methods of treatment all deal directly with the 
burned tissue. Following its introduction in 1914 by Barthe de Sand- 
fort,” paraffin wax has been widely used in Europe and in America. 
Sherman,** who has had wide experience with burns, stated in 1918: 
“The wax method does not contain any specific curative ingredients, 
but acts entirely mechanically allowing Nature to heal under conditions 
favorable for repair. The wax cotton dressing is a non-adhesive shell 
which excludes the air, maintaining a constant temperature, and forms 
a protective dressing to the proliferating tissues under the best physio- 
logic conditions, allowing regeneration and restitution along natural 
lines.” In a recent communication ** he stated that in the neighborhood 
of sixty thousand burns have been thus treated and that the paraffin wax 
is used throughout the organization of the Carnegie Steel Company at 
present ; he sees no reason to change the treatment. He believes that 
the two best treatments are paraffin wax and tannic acid. 


29. Schuetz: Ueber oertlich secretionekommende und secretione befoerdernde 
Wirkung, Arch. f. exper. Path. u. Pharmakol. 27:202, 1890. 

30. Bancroft, F. W., and Rogers, C. S.: Treatment of Cutaneous Burns, Ann. 
Surg. 84:1, 1926. 

31. Weiner, H.: Zentralbl. f. Physiol. 19:349, 1905. 

32. Sherman, W. O'N.: The Paraffin-Wax or Closed Method of Treatment of 
Burns, Surg., Gynec. & Obst. 26:450, 1918. 

33. Sherman, W. O’N.: Personal communication to the author. 
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ROUTINE PROCEDURE IN TREATMENT OF BURNS 


To treat patients with the promptness that the urgency demands, 
one must be prepared to deal with them on a moment’s notice. We 
keep ready at all times steel frames fitted with electric lights and easily 
adjustable to any bed; sterile sheets, and a sterile gun of the type 
used for spraying insects. On all floors and wards tannic acid is kept 
in weighed amounts, with printed directions for preparing a 10 per cent 
solution. Morphine is given all patients with burns in the emergency 
room: the clothes are removed; the skin around the burned area is 
cleansed with ether, and if any grease has been applied as first aid 
to the burn this is gently washed off with ether; the loose skin is 
trimmed off, and the area is covered with sterile sheets before the 
patient is sent to the ward, where everything is in readiness for his 
reception, as a result of earlier notification. He is placed in bed on the 
sterile sheets; the cradle and lights are put in place, and the tannic 
acid spray is started. A hypodermoclysis of 1,000 cc. of saline solution 
is given promptly and is repeated every eight hours. A student nurse 
is assigned to special duty with each patient with burns on the ward 
during the first twenty-four or forty-eight hours, and she sprays the 
burned area every fifteen minutes for the first twelve hours, then once 
an hour for twelve hours, after which no spraying is done. The tem- 
perature under the cradle is kept at from 98 to 100 F. The cradles 
are sufficiently roomy to permit the patient to turn without knocking 
the injured area against the frame. The patient is given at least a full 
glass of water (about 300 cc.) every hour, making a total average 
intake of around 6,000 cc. in twenty-four hours. We believe that such 
thorough and energetic treatment in the early stage is fully justified. 
The use of a special nurse at first facilitates tanning to a greater depth 
with a coincident reduction of subsequent infection and sloughing, and 
saves nursing care in the later stages. 

Daily estimations of the hemoglobin are made in every case. In 
moderate burns the readings may never be above normal, but in severe 
cases the hemoglobin may rise considerably. The rise of hemoglobin 
is the most accurate ready clinical method of estimating the concen- 
tration of the blood. Hemoglobin of 125 per cent indicates a pre- 
cariously high concentration of blood, and hemoglobin of 140 per cent 
and over indicates a blood so concentrated that fatal collapse is immi- 
nent. This is a simple test, easily made and of great practical value, 
and it shows whether the patient is getting the fluids so essential at 
this time. 

In extensive burns there are two stages wherein transfusion of 
blood is beneficial. In primary shock the transfusion is given usually 
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from ten to twenty hours after the burn and replaces the lost plasma 
or water-holding capacity of the blood at a time when the circulatory 
system is once more a closed system. In secondary toxic shock trans- 
fusion should be given after the first two or three days if the toxemia 
is increasing, as it does in one type. In those cases wherein death js 
considered due to further absorption of the toxin following initial 
sensitization, transfusion should be done at the first untoward sign; 
the exsanguination-transfusion of Robertson and Boyd ** is probably 
the ideal procedure. They employed their method in children and saved 
several after the development of convulsions. 

As a rule, we give a prophylactic dose of antitetanic serum. In 
the absence of infection, the patient is kept under the cradle and lights 
until all the membrane has peeled off and the delicate epithelium has 
become a little resistant. The presence of infection is evidenced after 
four or five days by one or more collections of fluid under the tanned 
membrane. Incisions are made to evacuate the fluid, and detached 
membrane is excised. The open areas are covered with paraffin gauze 
over which dressings moist with physiologic solution of sodium chloride 
or boric acid are laid. These dressings are not wet, but merely moist. 
and are applied at room temperature and not as hot compresses. So 
as far as we could see, such dressings do not seem to cause any libera- 


tion of toxin through rehydration. No wet dressings of any kind should 
be applied until after the fourth day at the earliest. At each daily dres- 
sing more of the detached membrane is cut away. Firmly adherent 
membrane should not be disturbed. In third degree burns Lee * recom- 
mended cross-cut incisions through the membrane, dividing it into 2 
inch (5 cm.) squares to permit drainage around the edges. Second 
degree, but not third degree, burns will epithelialize under the membrane. 


With complete separation of the tanned membrane all burns of third 
degree present a granulating surface. Treatment is aimed toward 
destroying bacteria and stimulating granulations. For this purpose we 
apply over the granulating surface first several layers of paraffin gauze, 
then pads of surgical gauze wet with boric acid solution, and finally 
either rubber or sea sponges (fig. 2). These sponges are held in place 
by a pressure gauze bandage, and the whole dressing is kept wet con- 
stantly with the boric solution. This dressing promptly converts 
exuberant, pale, boggy granulations into firm, bright pink ones. 


34. Robertson, B., and Boyd, G.: Toxemia of Severe Superficial Burns in 
Children, Am. J. Dis. Child. 25:163 (Feb.) 1923. 


35. Lee, W. E.: The Surgical Treatment of Burns, S. Clin. North America 
8:901 (Aug.) 1928. 
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Fig. 2.—Dressing of granulating surface: application of surgical gauze over 
the paraffin gauze, with rubber sponge in place. 
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Fig. 3—Second degree burns of left arm, entire chest, abdomen and anterior 
erica surface of both thighs from groins to knees. Third degree burns of left elbow, outer 
half of both breasts, right axilla, both groins and anterior surface of both thighs 
about halfway to knees. Tannic acid, 10 per cent spray. Reverdin pinch grafts 
seen on both thighs. Recovery. (Courtesy of Dr. A. O. Singleton.) 





Results of Treatment 


Number Per Cent 
Total number Of CAGES.......... cc ccccccccccccccccsescceceseccceccesesesceses 205 100 
Total number Of Geaths............ccececccceccccccccceccsccccncscscsseusens 40 19.4 
Deaths from primary shock q 3.1% 
Deaths from secondary toxic shock 
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Average hospitalization, all recovered CaseS............0ccce ccc eeececeecces 


Total days of toxemia, all recoveries, under al] treatments................ 
Average duration of toxemia, all recoveries 3.1 days 
(Patient considered toxie as long as temperature persists above 100 F.) 


Number Per Cent 
Race: White 7 
Colored i 29 
Sex: White males 
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Colored males 
Colored females 
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Patients treated with tannic acid 
Recoveries 
Deaths 
Primary shock 
Secondary toxic shock... 
i ES 2 ee A 
Total recoveries, other treatments 


Number of second and third degree burns, tannic acid 
Total number of days in hospital 
Average hospitalization, recoveries, tannic acid treatment 
Patients remaining over 100 days, tannic acid treatment 
Total days, these cases 


914 — 422 
Average hospitalization for ordinarily severe case: — - 28.8 days 
17 
Number of second and third degree burns, other treatments........ 
Total number days in hospital 
Average hospitalization 
Number of patients remaining over 100 dayS................cceeceeeeeeeceees 
GE Ge Se Gi we cdbkuscen cbccurusccccccncénaeecencasdsedsioces 
2,107 240 
Average hospitalization for ordinarily severe case: — 21.3 
ds 
Average duration of toxemia, tannic acid recoveries................... , seecee 4.9days 
Average duration of toxemia, other treatment recoveries........... & 4.1 days 


Fatal cases: 
Average hospitalization before death: Tannie acid treatment 100 guwse ee 
Other treatments vvnewinntele 6.9 days 
Average duration of toxemia preceding death: Tannic acid treatment... .. 11.6 days 
Other treatments el 4.0 days 
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Results of Treatment—Continued 








Etiology of Burns 
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Electrical CaseS........--.---sseeececeseeeeeees 
Unknown 
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Mortality: Per Cent 
Tannie acid 
Primary shock 
Secondary toxic shock 


Other treatments 
Primary shock 
Secondary toxie shock 


Granulation tissue continues to form fibrous tissue at its base until 
covered with epithelium. Delayed epithelialization means excessive 
fibrosis, which (1) cuts off the blood supply and retards healing toward 
the center of the granulating area, (2) results in contracture deformi- 
ties and loss of function, and (3) years later favors the development of 
cancer. Fibrosis can be kept at a minimum and healing greatly expe- 
dited by skin grafting. For all larger areas that do not contain epithelial 
rests from hair follicles and sweat glands, we prefer Reverdin pinch 
grafts (figs. 2 and 3), which will take in the presence of moderate 
infection. Exceptionally, we employ flap or pedicle grafts. Grafting 
should be done as soon as healthy granulations form, to prevent fibrosis. 


COMMENTS AND CONCLUSIONS 


The number of patients treated with tannic acid is too small to 
compare satisfactorily with those dealt with by other forms of treat- 
ment, but a few things are shown in the accompanying tables. Of the 
thirty patients treated with tannic acid, three had a hospitalization period 
of over one hundred days each, while only two of the remaining hundred 
and seventy-five had so extended a sojourn. This indicates that the 
tannic acid saves more extensively burned patients than any other treat- 
ment, which is borne out by the mortality from primary shock, which 
under other forms of treatment is almost half again as great. 


1. Tannic acid in a 10 per cent solution, used as a spray, is the best 
treatment for burns. 


2. The tannic acid should be used with the intention of coagulating 
all the layers of devitalized tissue and sealing off the capillary bed at 
the earliest possible moment. 
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3. Every patient with burns should have a special nurse during the 
first forty-eight hours. 


4. Daily estimations of the hemoglobin should be made as a routine 


measure until the hemoglobin reaches and maintains a normal level. 
5. Transfusion of blood is often a life-saving measure. 
6. Skin grafting is indicated at the earliest possible moment, espe- 
cially over the flexor surfaces of the joints. 
7. Amputation is a last resort, but let us recall the lines written 
many years ago: 
’Tis the Chyrurgions praise, and height of art, 


Not to cut off, but to cure the vicious part. 


Dr. John B. Carnett assisted in the preparation of this manuscript. 
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IODIZED OIL 





IN BRONCHIECTASIS 












INCLUDING A STUDY OF TWO CASES FOLLOWING LOBECTOMY 


JOSEPH A. WEINBERG, M.D. 
OMAHA 


The use of iodized oil in bronchography and in the treatment of 
bronchiectasis has become widespread during the past few years. 
While it is generally considered that this procedure is not attended by 
serious consequences, there are possible dangers which have been 
described by several authors, among them Archibald and Brown ' and 
Hedblom.? There has also been confusion on the question of how long 
the oil remains in the lung and how the lung disposes of it. 


Recently I performed the operation of lobectomy on two patients 
with bronchiectasis (figs. 1 and 2) who had been treated with injec- 
tions of iodized poppy seed oil 40 per cent for some time previous to 
operation. The lungs of both of these patients have been carefully 
examined for the presence and distribution of the oil. These data 
together with experimental work on animals are presented for the pur- 
pose of clarifying some of the points in controversy. 












INJECTION 





OF IODIZED OIL INTO HUMAN BRONCHIECTATIC LUNGS; 


EXAMINATION FOLLOWING LOBECTOMY 


Case 1.—lIn C. L., aged 25, symptoms began at the age of 17, following tonsil- 
lectomy. The sputum had been foul and profuse since the onset. The first treat- 
ment consisted of irrigations through a bronchoscope in 1925. Pneumothorax 
was induced in 1925, which relieved him for several months. He had been to 
New Mexico and Colorado for relief but with no success. Exeresis of the 
phrenic nerve, performed in 1929, gave him more relief than any previous therapy. 
However, the sputum had been offensive and profuse since the onset. When I 
first saw him he appeared undernourished, the skin had a cyanotic appearance 
and the face, neck and back showed severe acne. The fingers and toes were 
clubbed. 


Injections of iodized oil were given on February 15 and 22, March 15 and 
April 5 and 29. During these injections the sputum became appreciably thicker 
and less in amount. However, the foul odor persisted and the patient con- 
tinued to show evidence of sepsis. 


From the Departments of Surgery and Pathology, University of Nebraska 
Medical College. 

1. Archibald, E., and Brown, A. L.: Dangers of Introducing Iodized Oil into 
the Bronchial System, J. A. M. A. 88:1310 (April 23) 1927. 

2. Hedblom, C., in Lewis, Dean: Practice of Surgery, Hagerstown, Md., 
W. F. Prior Company, Inc., 1930, vol. 5, chap. 3, p. 32. 
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Bronchography following the injection of iodized oil revealed an extensive 
saccular bronchiectasis involving the entire left lower lobe. The bronchiectasis 
was apparently confined to this lobe. 

In May, 1932, a left lower lobectomy was performed in several stages by 
actual cautery and ligation of the pedicle. The patient has been in excellent 
condition since the operation. There is no more foul sputum, the acne has dis- 
appeared and the skin is no longer cyanotic. A persisting bronchial fistula is 
gradually closing. 





Fig. 1 (case 1).—lLateral view showing bronchiectatic sacs containing iodized oil. 


A block of tissue was removed from the diseased lobe at the second stage of 
the operation, immediately before ligation of the pedicle. This was twenty-two 
days after the last injection. 


Sections of material from the region of the secondary bronchi were stained 


with scharlach R and hematoxylin. The bronchial lumens were irregular, owing 


in part to the loss of typical bronchial wall structure and in part to an irregular 
hyperplasia of the mucosa. Both proximal and terminal bronchioles and the 
respiratory bronchioles were uniformly collapsed. The parenchyma was thickened 
in some areas, was replaced by connective tissue in others and showed a marked 
inflammatory reaction throughout. There were few areas in which alveoli could 
be recognized as such. 
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Several areas in each section revealed large accumulations of iodized oil 
within the bronchi and bronchioles (fig. 3). The bronchial mucosa was thickened 
and its cells contained oil droplets in a finely divided state. Droplets were also 
seen within the cartilage cells of the bronchial walls. In the parenchyma, the 
oil droplets were seen particularly within the large mononuclear cells of the 
alveolar walls. Apparently all of the various cells of the lung participated in 
the taking up of the oil. 

Case 2—In H. L., aged 24, symptoms of cough and expectoration of purulent 
material developed at the age of 9. At the age of 14, following pneumonia, the 





Fig. 2 (case 2).—Bronchiectasis of the left lower lobe with sac containing 


iodized oil. 


expectoration became more profuse and foul. Since then the symptoms have 


become progressively more severe. In 1929, a complete left thoracoplasty was. 
performed without relief. When first seen by me, in 1931, the patient showed a 
marked saccular bronchiectasis, apparently limited to the left lower lobe. Follow- 
ing exeresis of the phrenic nerve and injections of iodized oil the sputum was 


reduced from 1,500 cc. daily to 250 cc. daily. However, the sputum was very 
offensive, except during the first ten to fourteen days following each injectiom 
‘f iodized oil. 

In June, 1932, a left lower lobectomy was performed by ligation of the pedicle 
and cauterization. Since then the patient has been free from symptoms of 
bronchiectasis. 
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A specimen of tissue was removed from the lower lobe just before ligation 
of the pedicle on June 13, eighty-three days after the last injection of iodized 
oil. 

Microscopic study was made of sections stained with scharlach R and hema- 
toxylin. The lung showed as the outstanding feature diffuse overgrowth of con- 
nective tissue, largely in the fibroblastic stage, with thickening and, in part, 
obliteration of the alveolar walls. There was a diffuse and, in some regions, 
dense accompanying infiltration of leukocytes. These were so dense in some 
regions as to suggest abscess formation. The bronchi were compressed and 
irregular, and showed fibrosis of their walls, with partial loss of mucosa and 
more peripheral structures of the wall. 


Fig. 3 (case 1).—Section of lung removed at the time of lobectomy, twenty-two 
days after the last of several injections of iodized oil. The oil is represented by 
the intensely black areas. The larger deposits of oil are within the bronchial 
lumens. Droplets of oil occur in the mucosal cells of the bronchi and in the cells 
of the fibrosed lung tissue. Note the inflammatory reaction and the absence of 
recognizable alveoli; < 40. 


As in the first case all types of cells in the section participated in taking up of 
oil droplets. The droplets were especially numerous in the large mononuclear 
cells in the alveolar walls and were present in large number in the lining cells 
of the bronchi and bronchioles. The distribution was not uniform, some areas 
showing a large number of cell inclusions of oil, others showing this phenomenon 
to a slight degree. Apparently some of the areas had failed to receive iodized oil 
by reason of incomplete injection into the bronchial tree. A few large extra- 
cellular drops of oil were seen in dense fibrous tissue (fig. 4). 
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These two specimens clearly demonstrate that the oil is taken up by 
all types of cells and is not limited to the large mononuclear phago- 
cytes or related cells. From this observation it would appear that the 
phenomenon of ingestion of the fat particles is not essentially one of 
phagocytosis, but is rather the natural affinity of cells for fat. 

It will be noted that the oil is present in large amounts eight-three 
days after injection into the bronchial tree. This is significant in 
pointing to the possible value of iodized oil as a therapeutic agent. 
It may be assumed that the oil which is present within the cells slowly 
liberates iodine and that the liberated iodine may have a_ beneficial 


Fig. 4 (case 2).—Section of lung removed at the time of lobectomy, eighty- 
three days after the last of several injections of iodized oil. The intensely black 
areas represent deposits of oil. The accumulations are fewer and smaller than in 
case 2, All types of cells contained oil droplets; 40. 


effect in lessening the degree of infection. It has been argued by 
opponents of iodized oil therapy in bronchiectasis that the substance 
cannot be of great value as it is not retained in the lung for a sufficient 
length of time to act in any great measure. The argument is not tenable 
against the observations in these cases. 

An observation which aids in explaining the futility of iodized oil 
therapy in severe extensive bronchiectasis is the failure of the oil to 
enter many of the sacs. In these specimens the distribution is patchy 
after several injections of 20 cc. each. Even though the iodized oil 
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exerts a beneficial effect on those areas with which it comes in contact. 
the areas not receiving the oil are sufficient in number to continue the 
disease. This explanation is in harmony with clinical experience, in 
which it is observed that mild cylindric bronchiectasis responds to this 
form of therapy more satisfactorily than the severe saccular type. 

A study of two bronchiectatic human lungs which had been given 
injections of iodized oil leads to the following conclusions: 

1. Iodized oil may be retained in the lung for a period of at least 
eighty-three days following introduction of the oil into the bronchial 
tract. 

2. Most of the cells found in the lung are capable of ingesting 
droplets of iodized oil. 


EXPERIMENTS WITH IODIZED OIL IN ANIMALS: SERIES 1 


Intratracheal injection of iodized oil was performed on a series 
of eleven guinea-pigs. [Each animal was anesthetized with ether, the 
trachea exposed through a midline neck incision and 1 cc. of oil injected 
into the trachea by means of a 20 gage needle. 

Guinea-pigs were killed on the third, fourth, seventh, eleventh, 
fourteenth and twenty-eighth day. In four of the animals death 
occurred on the thirty-ninth, forty-first, forty-fourth and fifty-fifth day. 

At autopsy the lungs were removed by careful dissection, an attempt 
being made not to force out any of the iodized oil. Blocks of lung 
tissue were taken from uniform areas to include the hilus and periphery. 
Sudan III stains were made of frozen sections for oil demonstration, 
and hematoxylin and eosin stains were made of paraffin sections for 
more detailed study. The lung of a normal guinea-pig not given an 
injection of iodized oil was stained with the same technic for com- 
parison. No oil was observed in the specimen from this lung. 


Certain phases of these experiments have been previously reported 
by other workers, including Fried and Whitaker,* Brown,* Sato,° and 
Kotatsu.° However, it is felt that differences in interpretation and 
additional observations warrant a reconsideration. 


EXPERIMENT 1.—A guinea-pig was killed on the third day after the injection. 
Gross examination of the lungs revealed a moderate congestion. A sudan III 
stained frozen section showed oil droplets collected in large number around the 


3. Fried, B. M., and Whitaker, L. R.: Intratracheal Injection of Iodized Oi), 
Arch. Int. Med. 40:726 (Nov.) 1927. 

4. Brown, A. L.: The Fate of Iodized Oil in the Lungs, Surg., Gynec. & 
Obst. 46:597 (May) 1928. 

5. Sato, T.: Histologic Changes in Bronchi After the Injection of Lipiodol, 
Mitt. ti. allg. Path. u. path. Anat. 5:183 (April) 1929. 

6. Kotatsu, K.: Changes in Pulmonary Tissues Following Intratracheal 
Introduction of Lipiodol, Bull. Nav. M. A. Japan 18:4 (May) 1929. 
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larger bronchi. Toward the periphery the oil was present in less amount, but it 
actually extended to the pleura. The droplets were present for the most part in 
the alveolar walls, and some were in the alveolar spaces. (It is possible that 
oil was present in the larger bronchi before sectioning and became dislodged with 
handling. ) 

Hematoxylin and eosin stain showed small areas of nonaerated alveoli. A 
moderate leukocytic infiltration was present in these areas, especially about the 
bronchi and bronchioles. These regions corresponded to the regions showing oil 
droplets in the sudan III sections. The lung was quite normal except for these 
patches. A few bronchioles showed a small amount of exudate in their lumens. 


‘ig. 5 (series 1, experiment 2).—Guinea-pig lung with area of atelectasis and 
inflammatory reaction four days after an injection of iodized oil. Note the purulent 
exudate within the bronchioles; 40. 


Examination of the lungs in this animal revealed oil in the bronchial 
tree, alveolar spaces and alveolar walls. The injection of oil produced 
localized areas of atelectasis, these areas showing a mild inflammatory 
reaction on the third day after the injection. 


EXPERIMENT 2.—A guinea-pig was killed on the fourth day after the injection. 
The lungs showed no gross abnormality. A sudan IIT stained section taken from 
near the main bronchus showed aggregations of oil droplets in the alveolar walls 
and to a less degree in the lumens of the alveoli. The droplets were grouped in 
clusters as though distributed about the bronchioles. A section from the 
periphery showed less infiltration of oil in the alveolar walls. In these sections 
the oil was in a much finer state of division and of much less quantity than in the 
animal killed on the third day. 
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Hematoxylin and eosin stain showed a rather marked inflammatory reaction 
throughout the specimen. The leukocytic infiltration was most marked about the 
blood vessels. There were also numerous areas of atelectasis with leukocytic infil- 
tration. The bronchi and bronchioles contained an inflammatory exudate. The 
inflammation was less marked at the periphery than toward the hilus. 


These specimens revealed much less oil than the specimens from 
the animal killed on the third day. Also the inflammatory reaction had 
reached a greater intensity. Thus, with the longer interval between 
the injection of iodized oil and the death of the animal, a more severe 
inflammation had developed in the areas of atelectasis, possibly as a 


Fig. 6 (series 1, experiment 7).—Lung of a guinea-pig removed fourteen days 
after an injection of iodized oil. There was no evidence of atelectasis and little 
evidence of inflammation (compare with fig. 5); & 40. 


result of infection (fig. 5). One must also consider the possibility 
of irritation by the slowly released iodine, causing an inflammatory 
reaction. 


EXPERIMENT 3.—A guinea-pig was killed on the seventh day after injection. 
It appeared healthy up to the time of death. Gross examination at autopsy 
revealed a moderate congestion. 

Sudan III stain showed oil droplets in the alveolar walls, but they were fewer 
and smaller than in the animal killed on the fourth day. No oil droplets were 
seen in the bronchial tree or alveolar spaces. 

A hematoxylin and eosin stained section, including the periphery of the lung, 
showed a rather massive atelectasis with an acute inflammatory reaction. There 


was 
area 
shov 
I 
tion 
shor 
way 
in 1 
of t 
pig 
of < 





WEINBERG—IODIZED OIL IN BRONCHIECTASIS 553 


was one small area of hemorrhage in the section. Most of the bronchioles in this 
area appeared to be collapsed and those remaining patent in and near the area 
showed a purulent exudate within their lumens. 

EXPERIMENT 4.—A guinea-pig was killed on the eleventh day after the injec- 
tion. It had been in good health up to the time of death. Gross examination 
showed congestion of both lungs. A sudan III stained section taken from mid- 
way between the hilus and the periphery of the left lower lobe showed oil present 
in fairly large droplets. No oil was observed in the alveolar spaces or lumens 
of the bronchial tree. This specimen showed more oil than was seen in the guinea- 
pig killed on the seventh day. It was confined for the most part to large areas 
of atelectasis. 

Hematoxylin and eosin stain showed extensive areas of atelectasis, with a 
marked inflammatory reaction, especially in the areas of atelectasis. There was 
little evidence of inflammation in and about the bronchi and bronchioles. 


The significant feature of this specimen was the retention of oil 
droplets in the collapsed areas. Apparently the atelectatic inactive lung 
tissue is less capable of ridding itself of oil droplets than is normal 
lung tissue. 


In the animals killed on the fourth, seventh and eleventh days after 
the injection of oil the lungs showed a pronounced inflammatory reac- 
tion in the areas of atelectasis. This is of significance in suggesting 
the possibility of pneumonitis developing in the human lung following 
the diagnostic or therapeutic use of iodized oil. 


EXPERIMENT 5.—A guinea-pig was killed on the fourteenth day after injection. 
It appeared healthy up to the time of death. Gross examination revealed no 
pathologic changes in the lungs. 

Sudan III stain showed a few isolated oil droplets in an area of dense lung 
tissue. The droplets appeared to be in collapsed alveolar walls and not within 
the spaces. There was much less oil in this specimen than had been seen in any 
of the previously described animals, and all the oil droplets were in the areas of 
collapsed lung. 

A hematoxylin and eosin stained section taken from the same area as that 
for the sudan III stain showed a definite leukocytic infiltration around the blood 
vessels. Congestion was present in the collapsed areas of lung. A section taken 
from an area near the hilus showed a much less pronounced inflammatory reaction. 


EXPERIMENT 6.—A guinea-pig was killed on the fourteenth day after the 
injection. It. appeared healthy up to the time of death. The lungs showed no 
pathologic changes on gross inspection. 

Sudan III stain showed a fairly large distribution of oil, some in the lumens 
but more in the tissues. It was in a moderately finely divided state throughout 
the specimen. 

A combination of sudan III and hematoxylin stains showed oil in the tissue 
surrounding the alveolar spaces. 

Hematoxylin and eosin stain showed small areas of nonaerated lung with 
leukocytic infiltration, especially about the blood vessels. The changes were not 
so striking as those seen in the previously described animals, and were confined 
to much smaller areas. 
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EXPERIMENT 7.—A guinea-pig was killed on the twenty-eighth day after injec- 
tion. It had been healthy up to the time of death. At autopsy the lungs appeared 
normal grossly. 

A sudan III stained section taken from the upper part of the left lower lobe 
showed a number of groups of fine oil droplets in the alveolar walls. No oil was 
seen in the alveolar spaces. Occasional large drops were seen in the bronchial 
lumens. 

Hematoxylin and eosin stain revealed a few scattered small areas of leuko- 
cytic infiltration, especially about the bronchi and bronchioles. There were no 
definite areas of atelectasis (fig. 6). 





It may be inferred from experiments 5, 6 and 7 that the inflam- 
mation and atelectasis gradually subside after a period of two weeks 
(compare figs. 5 and 6). 


EXPERIMENT 8.—A guinea-pig was found dead thirty-nine days after the injec- 
tion of iodized oil. Gross examination revealed a massive pneumonia involving all 
lobes. 















Scharlach R and hematoxylin stain showed only small areas of aerated lung, 
most of the tissue showing consolidation and acute inflammation. There was a 
large amount of oil deposited about the bronchi and to a less extent in the walls 
of more distant alveoli. One bronchus showed a large accumulation of oil in 
its lumen. The bronchi showed a marked leukocyte exudate. In one of the 
sections occasional small oil droplets were seen at the margin of the pleura. 
Throughout, the oil was intracellular and extracellular. 





It is possible that in this animal an actual massive atelectasis 
occurred at the time of injection, thus accounting for the large amount 
of oil present at this late date. Such massive atelectasis could in time 
have produced an acute infection, which in turn could have resulted 
in the pneumonitis demonstrated at the time of death. 


EXPERIMENT 9.—A guinea-pig died on the forty-first day after the injection 
of iodized oil. 

Twenty-eight days after the injection the animal had been unable to use its 
hind extremities, probably because of an injury. Otherwise it appeared to be 
healthy. On the thirty-sixth day it was not as lively as previously, and on the 
forty-first day it was found dead. Gross examination at autopsy showed marked 
congestion of both lungs. 

Sudan III stain showed slight evidence of oil in the consolidated portion of 
the section. 















Hematoxylin and eosin stain showed a patchy pneumonia in the stage of red 
hepatization. 
The findings in this experiment were quite different from those 
in experiment 8 in that the latter showed a complete lack of aeration in 
massive areas and the lung appeared atelectatic. The section revealed 
definite pneumonia. 


EXPERIMENT 10.—A guinea-pig was found dead on the forty-fourth day after 
the injection. Autopsy revealed an extensive pneumonia, involving principally the 
left lower lobe. 














Fig. 7 (series 2, experiment 2).—Section from the middle lobe of a rabbit in 
which the lower lobe was ligated and iodized oil injected into the bronchial tree 


seven days later. The intracellular and extracellular particles of oil are shown in 
red: & 5,000. 





» 
cytic 
show 
right 
k »be 
extra 


were 
q 
seen 
lung 
shov 


by : 


occu 
with 
occu 
E 
tion, 
day. 
lung: 
< 


tion. 
area: 
I 


tion. 


was 
con: 
witl 
ares 
to i 
If 1 
fou 
are 
ind 
We! 
cha 
pne 
pos 
to | 
of 

1od 


equ 


hee 


apy 





WEINBERG—IODIZED OIL IN BRONCHIECTASIS 555 


Scharlach R and hematoxylin stain showed extensive inflammation with leuko- 
cytic infiltration in the left lower lobe. A _ section from the right lower lobe 
showed scattered areas of inflammation. Most of the lung was aerated. The 
right lower lobe showed oil droplets within the alveolar walls. The left lower 
lobe showed the droplets for the most part within cells, but a few of them were 
extracellular. The droplets were few compared with previous experiments. There 
were no areas interpreted as definitely atelectatic. 


This experiment also reveals a reaction quite different from that 
seen in experiment 8. In experiment 8 there was very little aerated 
jung, while in experiments 9 and 10 the lungs were well aerated and 
showed a widespread inflammatory reaction. The difference is explained 
by assuming that a massive atelectasis with subsequent pneumonitis 
occurred in experiment 8 as the result of plugging of a large bronchus 
with oil. In experiments 9 and 10 there is no evidence of such 
occurrence. 

EXPERIMENT 11.—A guinea-pig was healthy until the fifty-third day after injec- 
tion, when it was observed to be less lively. It was found dead on the fifty-fiith 
day. Gross examination showed a red-tinged fluid in both pleural cavities. Both 
lungs were markedly congested. 

Sudan III stain showed oil droplets present in the tissues throughout the sec- 
tion. The oil was in a finely divided state. The lung was consolidated in the 
areas showing the greatest amount of oil. 

Hematoxylin and eosin stain showed pneumonia in the stage of red hepatiza- 
tion. 

In experiments 8, 9, 10 and 11 it is probable that the pneumonitis 
was related to the injection of iodized oil. In experiment 8, one must 
consider the possibility of atelectasis due to plugging of the bronchi 
with iodized oil, with subsequent infection imposed on the atelectatic 
areas. In experiments 9, 10 and 11 there was not sufficient atelectasis 
to infer that a massive atelectasis was present at the time of injection. 
If the iodized oil is to be considered a factor in causing the pneumonia 
found at autopsy, one may consider the possibility of multiple small 
areas of atelectasis becoming subsequently infected, and these in turn 
inducing pneumonia. It is interesting to note that all the animals which 
were allowed to live beyond the twenty-eighth day died with pathologic 
changes in the lungs. This was not due to an endemic occurrence of 
pneumonia, as other animals in the same room remained healthy. It is 
possible that the injection of oil is a factor in these deaths. It is not 
to be inferred from these experiments that there is the same danger 
of pneumonitis in man with the usual injection of from 5 to 20 cc. of 


iodized oil. An injection of 1 cc. in the guinea-pig would probably be 
equivalent to the injection of several hundred cubic centimeters in man. 

As a result of the experiments described, several observations have 
been made, from which definite conclusions may be drawn: 


1. The injection of iodized oil causes multiple areas of atelectasis, 
apparently owing to plugging of the bronchi and bronchioles. 
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2. These areas of atelectasis are always accompanied by an inflam- 
matory reaction. 


3. Oil droplets remain for a longer time in areas of atelectasis than 
they do in well aerated lung. 


4. Oil droplets are quickly taken from the spaces by the tissues and 


may remain in the alveolar walls or may be carried for some distance, 


as noted in animals showing oil droplets in the pleura. 


SERIES 2: EXPERIMENTS WITH LIGATED BRONCHUS AND _ INJECTION 
OF IODIZED OIL 

A series of experiments were carried out on eight rabbits in which 
the main bronchus to the right lower lobe was ligated. By this means 
there resulted an almost complete necrosis of the ligated lobe, and par- 
tial atelectasis with multiple abscess formation in the upper and middle 
lobes on the same side. This stage of the experiment was originally 
performed by Lichthein* in 1879 for the purpose of noting the effects 
of ligation of the bronchus. He found that those animals which lived 
beyond the twenty-four hour period became emaciated and died after 
from four to six weeks. At autopsy there were found extensive inflam- 
mation and necrosis of the ligated lobe together with dilatation and 
infection of the bronchial tree. 

The rabbits were operated on under ethyl carbamate (urethane ) anes- 
thesia; a positive air pressure apparatus was used after the chest wall 
was opened. The bronchus to the left lower lobe was isolated and 
tightly ligated with plain or chromic 0 catgut. The chest wall was then 
closed and air was aspirated from the pleural cavity to restore low 
pressure. 

The purpose of these experiments was to produce an infection in 
the lung simulating bronchiectasis. Following these experiments intra- 
tracheal injections of iodized oil were made in those animals surviving 
beyond the sixth day. 

In addition to the results described by Lichthein there was found a 
condition of more or less extensive abscess formation in lobes other 
than the ligated lobe. It is assumed that these abscesses were the result 
of “internal drainage,” the phenomenon which has been described by 

3runn and Faulkner.* The ligated lobe showed extensive necrosis 
beyond the degree seen in typical cases of bronchiectasis. The bronchi 
were dilated and were filled with purulent exudate. Conditions simu- 
lating bronchiectasis were also seen in the middle lobe, and to a less 
degree in the upper lobe on the side operated on. This was apparently 
the result of collapse together with infection through the bronchi. 


7. Lichthein: Experiments Dealing with Pulmonary Atelectasis, Arch. f. 
exper. Path. u. Pharmakol. 10:54, 1879. 

8. Brunn, H., and Faulkner, W. B., Jr.: Intrabronchial Drainage, Surg. 
Gynec. & Obst. 51:115 (July) 1930. 
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EXPERIMENT 1.—A rabbit was operated on on July 14, 1931, under ethyl carba- 
mate anesthesia. Under positive pressure breathing apparatus the right thoracic wall 
was opened, the right lower lobe ligated with chromic 0 catgut and the wall 
closed and sealed with celloidon. Air was withdrawn from the pleural cavity 
with an aspirating syringe. The rabbit died eighty-two hours after operation. 
Autopsy disclosed a small amount of fluid in the right pleural cavity, with the 
lung adherent to the diaphragm. The ligated lobe was about one fourth the 
normal size. The upper and middle lobes of the right lung showed extensive 
pneumonic involvement. 

EXPERIMENT 2.—The same procedure was used as in experiment 1, with the 
exception that the right lower lobe was ligated with a plain 0 catgut. This type 


Fig. 8 (series 2, experiment 2).—Right upper lobe of a rabbit in which the 
right lower lobe was ligated and iodized oil injected into the bronchial tract seven 
days later. The animal was killed six days after the injection. The intensely black 
areas represent accumulations of oil; x 40. 


of ligature was used to allow earlier restoration of patency of the bronchus 
through dissolving of the suture, which was expected to occur within a few days 
following operation. 

On July 24, seven days after operation, 2 cc. of iodized oil was injected by 
exposing the trachea and inserting a needle into its lumen. 

On July 30, a roentgen examination was made. This showed slightly more 
oil in the right lung than in the left. The diaphragm was elevated on the right 
side, 

The rabbit was killed with ether on July 30, thirteen days after the first 
operation, 


At autopsy the left pleural cavity and lung appeared normal grossly. There 
was no gross evidence of congestion. The right hemithorax showed a yellow 
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fibrinopurulent exudate in the pleural cavity. The lower lobe was represented 
by a large abscess with a shell of recognizable lung parenchyma. The middle 
lobe was completely atelectatic with extensive abscess formation but not as 
extensive as in the lower lobe. The upper lobe was moderately shrunken and 
poorly aerated. 

Sections were made of the upper, middle and lower lobes on the right side, 
and of the upper lobe on the left side. These sections were stained with schar- 
lach R and hematoxylin. Also paraffin sections were stained with hematoxylin 
and eosin for more detailed study. 


A hematoxylin and eosin stained section taken from the periphery of the 
right lower lobe showed a marked purulent pleuritis and complete necrosis of a 


Fig. 9 (series 2, experiment 2).—Left upper lobe of a rabbit subjected to the 
procedure described for figure 8. The oil is retained in the same degree as in the 
right upper lobe (compare with figure 8); *« 40. 


portion of the lung, with recognizable lung intervening between the two areas. 
The bronchi appeared degenerated and dilated. 

Scharlach R and hematoxylin stain showed extensive atelectasis with occa- 
sional areas of fairly normal appearing lung. Large oil droplets were thickly 
scattered throughout the specimen, especially about a large bronchus. The oil 
droplets extended into the thickened pleura. 

A hematoxylin and eosin stained section from the middle lobe showed organ- 
ized pleuritis and local areas of atelectasis with leukocytic infiltration. The bronchi 
and bronchioles were dilated. The slide gave the impression of an atelectasis 
with mild infection of the bronchi and bronchioles. 

Sudan III and hematoxylin stain showed a wide distribution of oil droplets of 
varying size extending into the thickened pleural wall, where they were contained 
within the endothelial cells. 
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Hematoxylin and eosin stain of the right upper lobe showed a rather well 
aerated lung with occasional areas of atelectasis. One bronchus in the specimen 
appeared to be markedly dilated and showed partial destruction of the wall with 
peribronchial inflammation. 

\ scharlach R and hematoxyin stained section from the right upper lobe 
showed large drops of oil throughout. The oil was present in the lumens of the 
bronchi, bronchioles and alveoli. The section also showed areas of atelectasis 
with an inflammatory exudate (fig. 8). 

Scharlach R and hematoxlin stain of the left upper lobe showed a fairly 
extensive distribution of oil droplets in the lumens of the bronchioles and alveoli. 
The lung showed a mild inflammatory reaction with small areas of atelectasis 
(fig. 9). 

EXPERIMENT 3.—A rabbit was operated on on July 24, 1931. The same technic 
with plain 0 catgut was used. The bronchus of the lower lobe was ligated. 

The rabbit died six hours after operation. The lower right lobe was atelectatic 
and showed hemorrhage and congestion. The remaining portion of the right lung 
showed the same type of pathologic change but to a less degree. 

EXPERIMENT 4.—An operation was performed on Sept. 16, 1931, under ethyl 
carbamate anesthesia. The bronchus of the lower lobe was ligated with plain 0 
catgut. 

Forty days after operation 2 cc. of iodized oil was injected into the trachea under 
ether anesthesia. The oil was introduced by means of an 18 gage needle inserted 
into the exposed trachea. 

Fifty-six days after operation a roentgen examination showed much more 
oil in the right lung than in the left. The right diaphragm was displaced upward. 
The animal appeared to be in poor health. It was killed with ether on this date. 

Gross examination showed collapse of the right lung, with an almost translucent 
fibrinous exudate in the pleural cavity. The left lung appeared to be enlarged. 
The right lower lobe, which had been ligated, was represented by a large abscess 
which was encapsulated and adherent to the diaphragm and parietal wall. A 
section taken from the capsule was recognizable as lung tissue. The middle lobe 
was atelectatic and contained numerous small abscesses. The upper right lobe 
was atelectatic and contained numerous small abscesses. The upper left lobe 
was atelectatic to a less degree and contained a few scattered abscesses. The 
left lung exuded a purulent material from the cut surface. This material 
seemed to come from the bronchi. Sections were taken from the right upper, 
middle and lower lobes and left upper lobe for examination. 

A hematoxylin and eosin stained section from the right lower lobe showed a 
wall of fibrinous tissue and a central necrotic area. There was no recognizable 
lung tissue in this section. 

Scharlach R and hematoxylin stain showed oil in a finely divided state in the 
necrotic area. Also oil was present within the large mononuclear cells in the 
thickened pleura. The presence of oil in the lobe indicated that the ligature 
around the bronchus had become loosened previous to the injection of iodized oil. 

A hematoxylin and eosin stained section from the middle lobe disclosed a 
complete lack of aeration. The tissue showed fibrosis and leukocytic infiltration 
throughout. The bronchi were dilated and contained a purulent exudate. This 
section simulated advanced bronchiectasis to a remarkable degree. 

Scharlach R and hematoxylin stain of the middle lobe revealed oil droplets 
in a very finely divided state. The droplets were seen more prominently about 
the bronchi and bronchioles, and were for the most part intracellular. 
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A hematoxylin and eosin stained section from the least inflamed part of the 
right upper lobe revealed a moderately congested lung with several small areas 
of atelectasis. 

A scharlach R and hematoxylin stained section from the right upper lobe 
showed fairly large deposits of oil in alveolar spaces about the bronchi (fig. 10). 
In other areas the oil droplets were few and small. Oil was also present in the 
bronchi and bronchioles. This section, taken from a more condensed area than 
the hematoxylin and eosin stained section, showed a greater degree of atelectasis 
and a much greater degree of inflammatory reaction. 

A hematoxylin and eosin stained section from the right lower lobe showed sey- 
eral minute abscesses of the lung. The bronchi showed an acute inflammatory 
reaction and were distended with leukocytic exudate. This infection was probably 


Fig. 10 (series 2, experiment 5)—Right upper lobe of a rabbit in which the 


right lower lobe was ligated and iodized oil injected into the bronchial tract forty 
days later. The animal was killed sixteen days after the injection. The intensely 
black areas represent deposits of iodized oil. Note the area of atelectasis in the 
upper part of the field; x 40. 


the result of “internal drainage” already referred to. Evidence of this was the fact 
that one of the larger abscesses had an infected bronchus in its center. Another 
abscess, of smaller diameter, had a bronchiole in its center. 

Scharlach R and hematoxylin stain showed very little retained iodized oil 
(fig. 11). The droplets were rather widely separated from each other and were 
much smaller than those seen in the upper lobe of the right lung. Also they 
were smaller and fewer than those seen in the rabbit killed six days after the 
injection of iodized oil. It is assumed that at the beginning there was a more 
or less equal distribution of oil in the right and left lungs, and that in the time 
intervening between injection and death the oil had been taken up from the left 
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jung. The difference in the taking up of oil on the two sides may be explained 
by the fact that the active left lung was more capable of ridding itself of iodized 
oil than the fixed, more diseased right lung. 

EXPERIMENT 5.—An operation was done on Sept. 16, 1931, under ethyl carbamate 
anesthesia. The usual technic was employed. During the anesthesia the stom- 
ach was distended with fluid. Air was not withdrawn from the right side of 
the chest following operation. The animal died twenty-four hours after operation. 
Death was probably due to distention of the stomach with fluid during the anes- 
thetic and failure to withdraw air from the right pleural cavity. Autopsy dis- 
closed collapse of the upper and middle lobes on the right side and partial collapse 
of the left lung. It is of interest that air remained in the ligated lobe to a 


Fig. 11 (series 2, experiment 5).—Left upper lobe of a rabbit subjected to the 
procedure described in figure 10. Note the small amount of oil retained, compared 
with that retained in the adherent, more diseased right upper lobe (fig. 10). 
The droplets are much smaller and fewer than those in the left lung of a rabbit 
killed six days after an injection of iodized oil (fig. 9); « 40. 


greater degree than in the other lobes. Apparently insufficient time had elapsed 
for absorption of the retained air. 

EXPERIMENT 6.—An operation was performed on a rabbit on Sept. 23, 1931. 
The usual technic was used. However, the insufflation was poorly performed and 
some of the air entered the stomach. The left lower lobe was torn in the ligation 
of the bronchus. Death occurred thirty-six hours after operation. An intense 
inflammatory reaction of the right lung was found at autopsy. 

EXPERIMENT 7.—An operation was performed on Sept. 23, 1931. The usual 
technic was employed. The rabbit died seventy-two hours following operation. 
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Autopsy revealed pneumonia of the right lung. The ligated lobe was completely 
collapsed. The middle and upper lobes were collapsed to a less degree. 

EXPERIMENT 8 (control)—On July 21 a rabbit was operated on under ethy! 
carbamate anesthesia. The same procedure was used as in the previous experiments. 

Death occurred twenty-six days after operation. At autopsy the lower lobe 
was found to consist of one large necrotic mass without recognizable lung tissue. 
The middle lobe was markedly inflamed and necrotic, especially next to the 
lower lobe. The other lobes contained multiple small abscesses. 

This animal was used as a control and was not given an injection of oil, 
Inflammation was present throughout the right lung much the same as in experi- 
ment 2. Death was probably due to the extensive pneumonitis of the right lung, 


It has been shown in these experiments that by ligation of the 
pedicle of a lobe of the lung with an absorbable suture, a condition 
closely, if not exactly, simulating bronchiectasis may be produced in the 


ligated lobe. The necrosis is so complete that the condition goes beyond 


the degree of recognizable bronchiectasis. Later there is a spilling or 
“internal drainage” of the infected material through the bronchus, the 
patency of which is now restored by absorption of the ligature, and this 
infected material gains entrance to the homolateral and contralateral 
lobes. During the operation of ligation the lobes on the same side are 
collapsed, owing to the increased pressure within the pleural cavity. 
Apparently this combination of collapse and drainage of infected 
material into the bronchi is sufficient to induce a suppurative process 
in the bronchi, bronchioles and alveoli. It has been noted in the afore- 
mentioned experiments that destruction of the walls of the bronchi and 
bronchioles has taken place to a remarkable degree. Examination of 
the contralateral lung reveals abscess formation without evidence of 
bronchiectasis. From this it may be inferred that abscess formation 
alone is not sufficient to induce the condition of bronchiectasis and that 
atelectasis is a necessary factor. 

All experiments in which the animals died within the first three 
days were considered as failures. The failures are explainable in each 
instance. One of the causes of failure was distention of the stomach 
with air during positive pressure insufflation. Distention of the stomach 
resulted in pressure on the diaphragm, and this no doubt turned the 
balance against the survival of the animal. In another instance an 
excessive amount of fluid was introduced into the stomach in giving 
the ethyl carbamate. It is presumed that distention of the stomach 
by this means caused pressure on the diaphragm sufficient to result in 
death when added to the opening of the thorax. <A third death was 
due to rupture of the lung in attempting ligation. A fourth may pos- 
sibly be explained by failure to aspirate air from the pleural cavity 
immediately following operation. 

The fate of the iodized oil injected at intervals of seven days and 
forty days after operation was of chief interest. Roentgen examina- 
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tions made six days and sixteen days after injection showed more 
iodized oil on the side operated on than on the other side. These find- 
ings were confirmed by microscopic examination with staining for oil. 
The animal killed six days after the injection of iodized oil showed 
slightly more oil in the right upper lobe. However, in the animal killed 
sixteen days after the injection of iodized oil there were only a few 
isolated droplets of oil in the lung on the side not operated on, while 
the side on which the operation was performed showed a large amount 
of oil in the lung (compare figs. 8, 9, 10 and 11). As the lobe con- 
taining this excessive amount of iodized oil showed extensive infection 
and also showed adhesions to the parietal wall, it may be assumed that 
the retention of the oil was due either to fixation of the lung by 
adhesions or, to infection and necrosis, or to both factors. 

In what manner is the iodized oil taken up or eliminated from the 
lung? The fact that there is little oil in the side not operated on as 
compared to the opposite side indicates that a part of the oil is elimi- 
nated through the bronchi to the exterior. It is assumed that expulsion 
is aided by the free mobility of the normal nonadherent lung. There is 
definite evidence in these specimens as well as in the series of guinea- 
pigs that part of the oil is taken up by large phagocytes normally found 
in the alveolar walls. Also there is a strong suggestion that some of 
the oil takes the path of the lymphatics. In support of this idea is the 
fact that beaded threads of finely divided oil can be traced toward 
the pleura. Also, a few days after injection there is a large amount 
of oil in the pleural wall. These observations are in accord with the 
work of Brown,* who previously described this path of oil dispersion. 

This series shows the phenomenon of atelectasis which was described 
in the series of guinea-pigs. 

A summary of the results of these experiments follows. 

1. A condition closely if not exactly simulating bronchiectasis may 
be produced by ligation of the main bronchus to a lobe with an absorb- 
able suture. 

2. lodized oil remains for a longer time in an abscessed adherent 
lobe than it does in a more normal lobe. 


3. All types of cells participate in taking up iodized oil. 


SUMMARY 


Observations on human lungs given injections of iodized oil approxi- 
mately one and two months before lobectomy and experiments in 
animals allow definite conclusions to be made regarding the distribution 
of the oil and the effect of the oil on the lungs. 
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Apparently all types of cells in the lung participate in the taking 
up of the oil droplets. The oil remains in the lung tissue for a period 
of at least eighty-three days following injection. 

In bronchiectasis, with the usual injection of 20 cc. of iodized oil 
it is probable that many of the sacs in the diseased lobe fail to receive 
oil, according to the findings in the human lungs described here. 

Experiments on animals show that injection of iodized oil into the 
bronchial tree results in multiple areas of atelectasis. The extent of 
atelectasis depends on the size of the lumen obstructed with oil. This 
condition usually subsides after a period of two weeks. 

Several of the animals died from forty to fifty-two days after 
injection. All of these showed extensive pneumonitis. It is probable 
that the injection of an excessive amount of iodized oil was a factor 
in the development of the pneumonitis. This occurrence and the occur- 
rence of atelectasis indicate that very small amounts of iodized oil 
should be used for diagnostic purpose in clinical work. 

In experimental animals iodized oil is retained for a much longer 
period in the bronchiectatic lung than in the less diseased lung. This 
suggests an advantage in the use of iodized oil in the treatment of 
bronchiectasis in which prolonged contact is desired. 





SPONDYLOLISTHESIS AND PRESPONDYLOLISTHESIS 


SAMUEL KLEINBERG, M.D. 


NEW YORK 


Spondylolisthesis was first described about seventy-five years ago. 
For a long time thereafter very few cases were recorded. Gradually, 
as the symptomatology became better known, more instances of this 
lesion were discovered. In the last two decades the subject has been 
studied in many quarters, and numerous reports, some of large series 
of cases, have appeared in the literature. At present many articles in 
English and foreign languages detailing the clinical aspects and the 
pathology are available. The exact etiology, however, has been a moot 
question. But increasing experience tends to confirm the opinion of 
recent observers that spondylolisthesis, whether coming on suddenly or 
appearing insidiously, is primarily the result of a congenital cleft in the 
laminae of the neural arch. As most of the cases are seen in adults, and 
none have ever been found in very young children (i.e., in the pre- 
adolescent age), one wonders about the time when slipping of the 
vertebra actually begins. There must be a variable period of months, 
or perhaps years, when the stage is set, so to speak, for the dislocation, 
but in which actual separation has not yet begun. This phase, which 
might properly be called prespondylolisthesis, is now receiving close 
attention and study. 

While the majority of observers always felt that spondylolisthesis 
was due to a congenital lesion, there were some surgeons, | among them, 
who used to believe that at least some of the spondylolistheses were of 
traumatic origin. The latter sentiment was based entirely on the clini- 
cal history of a sudden onset following what was believed to be a 
competent injury. More deliberate and intensive study of the so-called 
traumatic, but otherwise typical, cases of spondylolisthesis has revealed, 
however, that there is rarely evidence of an injury that could be rea- 
sonably assumed to produce a fracture of the laminae. In addition, 
the x-ray pictures do not show any callus, which one would expect to 
see at the site of a fracture. Finally, at autopsies and in dissecting 
room investigations of uncomplicated cases, neither callus nor bony 
irregularities suggestive of a fracture have ever been seen. This does 
not mean that in terrifically severe accidents to the lower part of the 
hack, in. which there are multiple fractures, there may not also be a 
dislocation of a lumbar vertebra. Such cases have been reported 


Presented in abstract before the Orthopedic Section of the New York Academy 
of Medicine, April 15, 1932. 
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recently by Dr. Hans Hellner. But in the ordinary case of spondylol- 
isthesis the characteristic signs of a fracture are lacking. I now believe 
that while trauma is a most important contributory factor, it is not the 
essential cause in the etiology of spondylolisthesis. 

A generation ago there were some surgeons who, because of roent- 
gen appearances, believed that some cases of spondylolisthesis resulted 
from attenuation and elongation of the laminae which occurred in con- 
genitally malformed vertebrae. In one or two instances I have, in the 
past, been inclined to such a view. Reexamination of one such case 
by more efficient roentgenography revealed the characteristic defect in 
the laminae. Moreover, in a personal interview with Dr. Willis, he 
told me that he had never seen, in his rather large series of anatomic 
specimens, any example of congenitally elongated laminae, nor has any 
other observer ever found such a lesion at autopsy. One can, there- 
fore, exclude congenitally elongated laminae from the category of 
etiologic causes. 

If one were to include in the title of spondylolisthesis all the types 
of dislocation of the lumbar vertebrae, one would be compelled to count 


among the etiologic causes such destructive diseases as tuberculosis and 
syphilis, especially in the tertiary stage, when, as in a Charcot spine, 
much disorganization of bony structures occurs, with the possibility of 
a dislocation of a lumbar vertebra. However, these displacements are 


manifestly part of a larger and more important pathologic change. In 
the characteristic case of spondylolisthesis, the forward dislocation of 
the vertebral body is the chief and predominant abnormality. 

A bilateral cleft in the neural arch has been the constant anatomic 
defect found in every specimen of spondylolisthesis studied. In the 
examination of one thousand five hundred and twenty cadavers, Dr. 
Theodor Willis of Cleveland found seventy-nine instances of spondylol- 
isthesis, and in every one of them there was a cleft through the laminae, 
which severed the posterior arch from the body of the vertebra. The 
cleft was bridged by fibrous tissue. There was no callus. There were 
often other congenital lesions, such as lack of fusion of the laminae at 
the spinous process, fusion of the spinous process with one lamina and 
not with the other, and so forth. Improved roentgenography now 
enables one to detect in the lateral view of almost every case the cleft 
between the articular processes, which separates the posterior arch from 
the vertebral body. The break in the osseous ring is always between 
the articular facets, and as a result the superior facets remain attached 
to the body and the inferior facets to the laminae. 


The defect in the pedicles of a spondylolisthetic vertebra is of con- 
genital origin and is readily explained on embryologic grounds. A 
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vertebra is believed to be formed from five centers of ossification, one 
for the body and two for each lateral mass. Of the latter, the anterior 
center forms the pedicle, including the superior articular facet, and the 
posterior center of ossification forms the lamina with the inferior 
articular facet. If these lateral centers of ossification fail to unite, 
there result a defect between the articular facets and a separation of 
the body from the posterior arch. 

From the foregoing considerations it may be concluded that spondy- 
lolisthesis, or forward partial or total displacement of the body of a 
lumbar vertebra, is the result of a congenital cleft or split in the neural 
arch. The congenital osseous defect is the sine qua non. However, 
there are several important contributing etiologic factors that operate 
to initiate or to increase the dislocation. 


ETIOLOGIC FACTORS 

Trauma.—This plays a most important rdle in one of two ways in 
the production of spondylolisthesis. A sudden violence, as in jumping, 
a fall, lifting heavy weights, hyperextension of the spine in trying to 
avoid an accident or, as happened to one of my patients, in the fall of 
a heavy weight on the shoulders, may tear the fibrous attachment 
between the neural arch and the vertebral body and may at once dis- 
place the vertebral body forward. On the other hand, mild traumas 
often repeated, as in laborious work or sports, may stretch the fibrous 
tissue bridging the congenital cleft in the neural arch and may gradually 
dislocate the body of the vertebra. 

Abnormal Lordosis——This may favor spondylolisthesis. Cases of 
hollow back are seen in which the sacrum is nearly horizontal. A 
lateral x-ray picture shows that the lumbosacral plane is almost verti- 
cal, and that the last lumbar vertebra is in a position to slip off the 
sacrum. The weight of the trunk coming down on the bodies of the 
vertebrae tends to push the last lumbar downward. If there is a defect 
in the neural ring of the fourth or fifth lumbar vertebrae, the super- 
incumbent weight would tend to displace its body. 

Convexity of the Superior Surface of the Sacrum.—This condition 
also favors dislocation of the last lumbar vertebra. There are types of 


spondylolisthesis in which the upper surface of the sacrum is sharply 
convex, the front half of the superior surface sloping downward at 
an acute angle. In these cases the weight of the trunk would tend to 
force the last lumbar vertebra downward. It may be argued that in 
this group of spondylolisthesis the convexity of the superior surface 
of the sacrum is a sequel and not a cause of the dislocation. This is 


possibly so, but it would appear more logical to assume that, since it 





568 ARCHIVES OF SURGERY 


is usual to find many congenital morphologic changes in the lumbo- 
sacral area, the malformation of the sacrum represents a congenital 
change. 

Obesity and Excessive Continuous Strain on the Pelvic Structures — 
As in pregnancy, these factors influence the appearance or the aggrava- 
tion of spondylolisthesis. But all of these elements are only contribu- 
tory and secondary to the basic cause, which is a congenital defect in 
the neural ring of the vertebra. Under normal conditions, that is, 
in the absence of a skeletal defect, the various contributory factors 
might be responsible for certain disabilities of the back, but they could 
not produce an actual dislocation of a lumbar vertebra. 

Spondylokisthesis, though dependent on a congenital skeletal defect, 
is actually an acquired deformity, since the dislocation of the vertebrae 
occurs some time after birth. In fact, there is no record of this lesion 
in a patient under 10 years of age. The youngest patient I ever saw 
was 13 years old. The secondary or contributory factors that initiate 
the dislocation cannot come into play until the person begins to sit and 
to stand. In fact, spondylolisthesis is rarely seen in adolescence and 
usually does not occur until adult life, when the physical stresses become 
marked. In infancy and childhood the stresses are comparatively mild, 
and the tissues of the spine are elastic. A dislocation of a vertebra is, 
therefore, unlikely. In the adult, the elasticity of the spine is greatly 
reduced, and the differentiation between the osseous and the fibrous 
elements is clearly defined. An injury not severe enough to fracture a 
vertebra may stretch or tear the ligaments and other fibrous structures, 
and thus, in susceptible people, may cause a subluxation or dislocation. 
There is, therefore, in persons who are subjects for spondylolisthesis, 
a period in which there is as yet no dislocation, but in which one or 
more of the contributory factors are present and may at any time pro- 
duce the deformity. The condition of the spine in this period may be 
called prespondylolisthesis. 

Prespondylolisthesis was first recognized and described by Dr. 
Armitage Whitman. In 1924, at the annual convention of the American 
Orthopedic Association, Dr. Whitman reported the cases of a group of 
five patients who had two symptoms in common, namely, low backache 
and a marked lordosis. The lateral x-ray pictures in all of them showed 
that the lumbosacral angle was increased and the sacrum was almost 
horizontal. In three of the cases there was no other anatomic defect; 
in the other two there was a slight forward displacement of the last 
lumbar vertebra. Dr. Whitman believes that the unusual lordosis rep- 
resents the initial stage of spondylolisthesis. One readily appreciates 
that in lordosis, especially when the sacrum is nearly horizontal, there 
appears to be no substantial support for the lumbar vertebrae and that 
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the lumbar spine is in a position favorable for dislocation. One sees 
many instances of extreme lordosis in men as well as in women, without 
symptoms of disability of the back or evidence of slipping of any of the 
lumbar vertebrae. The interlocking of the lumbar vertebrae and sacrum, 
both by numerous strong ligaments and by the articular bony processes 
makes dislocation unlikely unless some unusual circumstance is present. 


That unusual circumstance is a congenital cleft in the neural arch. 
Without such a defect in the neural arch, a dislocation of the vertebral 
body could not take place. The term prespondylolisthesis, which is an 
excellent one, should, in my judgment, be reserved for that condition 
of the spine in which, with or without lordosis, there is evidence of 
a defect in the bony wall of the neural arch of one of the lumbar 
vertebrae. Three cases of prespondylolisthesis have come under my 
observation. In one the lesion was discovered while fusion of the 
vertebrae was being performed for an unexplained chronic disabling 
backache. In the other two the diagnosis was made clinically by the 
finding of positive roentgen evidence of a defect in the neural arch of 
the last lumbar vertebra, and was confirmed at operation in one case. 
The patients were all males, only one of whom had an increase in the 
lumbosacral angle. In all of them a violence of sufficient force might 
have produced a real dislocation. 


CASES OF PRESPONDYLOLISTHESIS 


Case 1—John W., aged 33, was referred to me by Dr. M. J. Lippmann for a 
disabling backache. Two and a half years previously he fell down a flight of steps 
and struck his back against a post. Since then he had had pain in the lower part 
of his back which had interfered with his work and necessitated the wearing of a 
low back belt. The examination did not reveal any orthopedic, neurologic or other 
pathologic changes to account for the pain and disability. The patient was a tall, 
well built man. His back was symmetrical, and his posture satisfactory. There 
was no break in the anteroposterior physiologic curve of the spine. The motions 
of the spine were free in all directions. On arising from the flexed position, the 
patient complained of pain in the lumbosacral area. There was no tenderness to 
pressure over any part of the back. The x-ray films showed a normal alinement 
of the lumbar vertebrae and the sacrum. Had this been a so-called “compensation” 
case, one might have considered the claimant a malingerer. There could, however, 
be no doubt about the genuineness of the patient’s complaint. A diagnosis of 
chronic sprain of the lumbosacral joint was made, and, since the symptoms had 
persisted for several years, fusion of the vertebrae was advised. 

At operation I was surprised to find that the posterior arch of the fifth lumbar 
vertebra could be moved from a half to three-fourths of an inch (1.27 to 1.87 cm.), 
both laterally and vertically. The lesion, therefore, according to Dr. Willis’ classi- 
fication, was “a separate neural arch,” due to a lack of fusion of the laminae to the 
vertebral body. At the site of the abnormal motion there was no roughened bone 
or callus. Hence, the lack of union of the posterior arch and the body could not 
be considered the result of a fracture. The lesion in the neural arch was evidently 
congenital. The injury probably caused a tear or stretching of the fibrous attach- 
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ment of the posterior arch to the front of the vertebra, with consequent abnormal 
mobility of the posterior arch and backache. In this type of case one can conceive 
that under unusual or prolonged physical strain the body of the fifth lumbar ver- 
tebra might slip down in front of the sacrum. The condition found in this patient's 
spine should properly be considered as a precursor of spondylolisthesis or a pre- 
spondylolisthesis. Incidentally, this patient made a perfect recovery. It is now 
two years since the operation. He does not wear any support, has no pain and is 
working regularly. 











Fig. 1 (case 2).—Prespondylolisthesis. There is a marked lordosis. The 
sacrum is practically horizontal. There is no displacement of any of the vertebrae. 
At a is a defect in the laminae; at >, a superior articular facet continuous with the 
vertebral body articulating with the fourth lumbar vertebra; at c, an inferior 
articular facet joined to the lamina articulating with the sacrum. 


Case 2.—Oscar L., aged 41, came to my clinic at the Hospital for Joint Diseases 
because of increasing weakness and pain in both lower limbs. He was a carpenter, 
and had been able to do his work regularly. He had noticed, however, in the last 
few weeks, that he tired easily and was unable to walk more than half a mile 
without extreme fatigue. Twenty years ago he had fallen and hurt his back, but 
since then it had never been painful. 

Examination showed a tall, well built man, who presented a markedly round, 
hollow back. There was an exaggerated lordosis. The gait was awkward. The 
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motions of the spine were somewhat restricted, but there was no tenderness to 
pressure over the lumbar or sacral regions. There were no motor or sensory 
disturbances. The knee and ankle reflexes were at times exaggerated. Lateral 
x-ray pictures (fig. 1) showed several important changes. The sacrum was prac- 
tically horizontal. There was a marked vertical defect in the laminae of the fifth 
lumbar vertebra which separated the body from the posterior arch. The defect 
was at least an eighth of an inch (0.3 cm.) in width; it may be seen much more 
clearly in the original plate than in the reproduction. The x-ray film showed dis- 
tinctly that the defect was between the superior and inferior articular facets of the 
fiith lumbar vertebra. The superior facets were attached to the body of the ver- 
tebra, while the inferior facets were continuous with the laminae and spinous 
processes. The alinement of the lumbar vertebrae and the sacrum was normal. A 
diagnosis of prespondylolisthesis was made. This was based primarily on the 
recognition of a defect in the neural arch of the fifth lumbar vertebra. The sec- 
ondary signs were lordosis, a horizontal sacrum and the neurologic disturbances of 
weakness of the lower limbs and increased knee and ankle reflexes. Fusion of the 
vertebrae was advised. 

At operation I found the same type of lesion as in case 1. The posterior arch 
could be moved laterally and in a vertical direction for at least a half an inch 
Thus, the fifth lumbar vertebra had a separate neural arch. There was no evidence 
of any callus to suggest a previous fracture. 


It may be fairly assumed that in this case had a fusion of the ver- 
tebrae not been performed in time, the body of the fifth lumbar vertebra 
would have slipped forward, giving rise to a partial or a total dislocation, 
or spondylolisthesis. 


Case 3.—Henry G., aged 64, came to the Hospital for Joint Diseases complain- 
ing of pain in the back of the right thigh. The pain had started four weeks pre- 
viously. There was no history of disability of the back or previous illness or 
trauma. Examination revealed no abnormality of the back clinically. The lateral 
roentgenogram (fig. 2), however, disclosed a wide laminar defect in the fifth lum- 
bar vertebra. This vertebra was in normal alinement with the fourth lumbar ver- 
tebra and the sacrum. The laminar defect was in the pedicle between the superior 
and inferior articular facets. The body of the fifth lumbar vertebra was wedge- 
shaped, and its inferior surface was concavoconvex, as is so often seen in a real 
dislocation. The sacrum was not horizontal, but its long axis was more oblique 
than normally and, as a consequence of this, there was some increase in the lumbo- 
sacral angle. The superior surface of the sacrum was convex. There was a 
marked reduction in the size of the intervertebral space or foramen between the 
fifth lumbar vetebra and the sacrum. 


This case, from the roentgen evidence, is one of prespondylolisthesis. 
Whether a severe injury would have caused a dislocation is a matter 


lor conjecture. It is unlike case 2, as there were no symptoms refer- 


able to the back. One may speculate on the reason for the comparative 
stability of the lumbosacral junction. Perhaps the most plausible expla- 
nation is that the laminar defect is only unilateral instead of bilateral, 
as in case 2. 

Comment.—Cases 1, 2 and 3 are of special interest, because the 
diagnosis of prespondylolisthesis was established in the first case, and 
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in one of the other two, it was confirmed by operation. As many 
cases of spondylolisthesis are being seen, it becomes one’s obligation to 
examine more carefully all patients who have backache, pains and weak- 
ness in the legs or a lordosis, and to see whether there is roentgen 
evidence of prespondylolisthesis. With the present-day improved technic 


in roentgenography, one has the opportunity of seeing clearly the mor- 
phology of the lumbosacral area and of recognizing skeletal defects, 
When the diagnosis of prespondylolisthesis may be reasonably suspected 
or is established by positive roentgen evidence, fusion of the vertebrae 











Fig. 2 (case 3).—Prespondylolisthesis. The arrow points to the laminar defect 
Alinement of lumbar vertebrae and sacrum is normal. There is a moderate increase 
in the lumbosacral angle. The inferior surface of fifth lumbar vertebra is 
concavoconvex. The superior surface of the sacrum is convex. 


should be performed to prevent later actual dislocation of the verte- 
bral body. 
CASES OF SPONDYLOLISTHESIS 

Peculiarly enough, not all cases of spondylolisthesis show symptoms. 
If the condition of prespondylolisthesis gives rise to pain and disability, 
one would naturally suppose that an actual dislocation of such an impor- 
tant structure as the body of a vertebra, with the likelihood of pressure 
on the lumbosacral cord, would always produce marked symptoms. In 
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my present series of twelve cases, there were two in which the patients 
had no complaint referable to the lumbosacral region. The dislocation 
was discovered in a routine examination. The absence of symptoms 
can be accounted for on the supposition that the displacement took 
place so slowly that the tissues could accommodate themselves to the 
changed circumstances. In addition, neither patient had had any serious 
accident and never did any hard physical work as a result of which the 
lumbosacral area might have been subjected to strain. 














Fig. 3 (case 4).—Asymptomatic spondylolisthesis. The body of the fifth 
lumbar vertebra is displaced forward about three fourths of an inch. The sacrum 


is almost horizontal. The laminae of the fifth lumbar vertebrae appear elongated, 
but actually exhibit a defect and break in the neural arch; this is visible in 


the original film. The outlines of the vertebrae were deliberately emphasized by 
pencil, because the original film is rather light and would not have reproduced 
distinctly. 

ASYMPTOMATIC SPONDYLOLISTHESIS 


Case 4.—Jacob H., aged 55, was referred to me for increasing deformity of the 
middorsal spine. The patient had locomotor ataxia, with all of the major symp- 
toms, such as girdle pains, ataxic gait, pinpoint pupils, ataxia of the upper limbs, 
a positive Romberg sign. In the last two years a deformity of the middorsal 
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region was noticed. My examination revealed an extensive destructive lesion of 
the eighth, ninth and tenth dorsal vertebrae, which was presumably syphilitic. 
There was, however, in addition, a marked forward dislocation of the fifth lumbar 
vertebra. The lateral x-ray film (fig. 3) showed the body of the fifth lumbar 
vertebra displaced forward on the sacrum about three fourths of an inch. The 
laminae appeared elongated and unbroken, but in the original film the defect in the 
arch was distinctly discernible. There was a moderate increase in the lumbosacral 
angle. The long axis of the sacrum was more horizontal than in the normal state. 

Case 5.—Menitto D., a woman, aged 77, came to my clinic at the Hospital for 
Joint Diseases for pain in the right hip due, as the examination revealed, to osteo- 
arthritis. The patient had no complaint whatever referable to her back. The 
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Fig. + (case 5).—Asymptomatic spondylolisthesis. There is subluxation of the 
fourth lumbar vertebra. The outlines of the vertebrae were purposely exaggerated 
to show the displacement of the fourth lumbar vertebra. The arrow points to a 
defect in the articular process, which was seen distinctly in the original film. 


x-ray pictures showed a subluxation of the fourth lumbar vertebra. The lateral 
view (fig. 4) showed the body of the fourth lumbar vertebra displaced forward 
on that of the fifth vertebra, a distance of about three sixteenths of an inch 
(0.46 cm.). There was a distinct defect in the laminae, which separated the neural 
arch from the body. 


SPONDYLOLISTHESIS WITH SUBJECTIVE SYMPTOMS 
The subjective symptoms of spondylolisthesis vary in degree and 
are not at all in accord with the extent of the dislocation. Marked 
symptoms may be present when the dislocation is comparatively mild, 
and, vice versa, a severe dislocation may be accompanied by few com- 
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plaints and slight disability. The following cases are described in the 
order of the relative degree of displacement. 


Case 6.—Robert K.,! aged 30, was first seen on May 4, 1931. Ten days pre- 
viously he fell through an opening in the floor, falling a distance of 6 feet. Sub- 
sequently he had had severe backache and difficulty in walking. Strapping of his 
back gave him considerable relief. The pain and stiffness of his back continued and 
were present when the patient was examined. The past history was interesting in 
that the patient had had five attacks of so-called lumbago during the past six years. 
These attacks, which consisted of stiffness of the back and awkwardness in walking, 
would last several days. They usually came on after a “cold” and had no relation 
to injury. Otherwise, the patient has led a very active life, indulging in golf, tennis 
and handball. 











Fig. 5 (case 6).—Forward subluxation of the fifth lumbar vertebra. The 
arrows indicate the site of the laminar defect, which is evident in the original film. 


Examination revealed a good posture and a symmetrical back, but a depression 
in the region of the spinous process of the fifth lumbar vertebra. There was slight 
limitation of lateral flexion of the spine. There was no tenderness to pressure over 
the lumbosacral area. The lateral x-ray picture showed a slight forward slipping 
of the fifth lumbar vertebra (fig. 5). The body of this vertebra was displaced 
about a fourth of an inch (0.64 cm.). There was a distinct defect in the laminae 
at the site of the articulations. 


Whether the dislocation occurred during the recent fall or had been 
gradually coming on is difficult to answer. It is fair to assume that 
each “attack of lumbago” represented some degree of slipping, which 
was increased by the fall. The dislocation even now is mild and per- 


haps could have been prevented had the existence of a congenital 


defect in the neural arch been discovered sooner. 


1. My associate, Dr. J. Buchman, allowed me to report this case 
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Case 7.—Max L., aged 47, came to my clinic at the Hospital for Joint Diseases 
complaining of pain in the lower part of the back. In 1925, the patient fell off a 
16 foot ladder, striking his back against a table. He had immediate severe pain in 
the lower part of the back. The pain was so marked that he was hospitalized for 
three weeks. Subsequently, he resumed part time work, but he had to wear a belt 
and received physical therapy. In 1930, he lifted a heavy case. During this act he 
felt something like a “crack” in the lower part of the back, and could not straighten 
up. Since this second accident the backache and disability had increased. The 
pain was of a gnawing character, radiating to the middle of the back. He had 
been unable to work. 


— 


Fig. 6 (case 7).—Mild degree of spondylolisthesis. The subjective symptoms 
were marked and disabling. The original film was so light that the outlines of the 
vertebrae had to be emphasized for photographic reproduction. Note the laminar 
defect and displacement of the fifth lumbar vertebral body (arrow). 


Examination showed a well built, overweight man. His back was symmetrical. 
There was no hollow above the sacrum. The spinal motions were slightly limited, 
and at the extreme of each motion the patient had considerable pain. There was 
marked tenderness to pressure at the lumbosacral junction. The lateral x-ray 
picture (fig. 6) showed a moderate subluxation of the body of the fifth lumbar 
vertebra. There was a wide defect in the pedicle, separating the articular facets. 
As the symptoms were of long standing and were disabling, fusion of the vertebrae 
was advised. 

The patient was operated on on April 15, 1932, before a rather large audience of 
surgeons who were attending the clinical demonstrations during the week of 
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April 15 to 21, in commemoration of the twenty-fifth anniversary of the founding 
of the Hospital for Joint Diseases. After the skin incision was made, the spinous 
process of the fifth lumbar vertebra was identified and found to be abnormally 
movable. The posterior arches of the third, fourth and fifth lumbar and the first 
and second sacral segments were exposed. It was then easily demonstrable that 
the whole of the posterior arch of the fifth lumbar vertebra was abnormally 
movable in both the lateral and the vertical directions, owing manifestly to a bilateral 
break in the continuity of the neural arch. There were no fragments of bone, no 
callus and no bony spurs suggestive of a possible fracture. 


This, then, is a case of spondylolisthesis of the fifth lumbar vertebra 
based on a congenital bilateral laminar cleft. As the symptoms came 
on after an injury, it is reasonable to assume that the trauma caused a 





Fig. 7 (case 8).—A, note the deep groove in the lumbar region directly above 
the sacrum. B, lateral view, showing the forward displacement of the fifth lumbar 
vertebra. 


tear of the fibrous bridge in the lamina. Subsequently, the weight of 
the trunk and the added strain of lifting a heavy case caused a forward 
displacement of the vertebral body. In this case trauma was a most 
important factor. 


Case 8.—Abraham P., aged 65, came to my clinic at the Hospital for Joint 
Diseases complaining of pain in the lower part of his back and in the left hip, 
radiating down the left thigh. The pain had come on ten months previously, after 
a fall in which he hurt his back. Examination showed that the patient walked 
awkwardly. He held his back stiff. There was a marked hollow above the sacrum 
(hg. 7) characteristic of spondylolisthesis. The lateral x-ray film (fig. 7 B) 
showed that the body of the fifth lumbar vertebra had slipped forward about a 
fourth of an inch. There was no unusual lordosis. The defect in the neural arch 
was not discernible. 
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It is manifestly impossible to state how long the dislocation had 
existed. Perhaps the displacement really took place only at the time 
of the alleged accident ten months previously. This would appear likely 
from the fact that the luxation was slight. Again one has the feeling 
that if the congenital defect and susceptibility to dislocation had been 
recognized earlier, effective preventive measures could have been applied. 


Case 9.—Margaret D., a colored woman, aged 45, was admitted to my clinic 
recently. She complained of pain in the lumbosacral area of the back, which 
radiated down the back of the right thigh and leg. The pain was remittent. 





Fig. 8 (case 9).—A, note the marked depression above the sacrum, which is 
strongly suggestive of spondylolisthesis. B, note the forward displacement of the 
fourth lumbar vertebra. 


When free from pain, she could work as hard as ever, but when the pain was 
present, laborious work was impossible. Three years previously the patient had 
fallen on her buttocks, injuring her right arm and the base of her spine. She had 
no trouble with her spine immediately after the accident, but three months later 
she began to have discomfort in the lower part of her back. This grew progres- 
sively worse. Prior to the injury she gave birth to two children and had no diffi- 
culty during either the pregnancies or the deliveries. 

Examination showed an obese but well set up woman, who stood erect and 
walked without a limp. There was a marked groove in the middle of the lumbar 
region (fig. 8A) strongly suggestive of a vertebral dislocation. The motions of 
the spine were abnormally free in all directions and were painless. There was 
slight tenderness to pressure in the lumbosacral hollow. The lateral roentgenogram 
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showed a forward displacement of the fourth lumbar vertebra on the fifth vertebra, 
to the extent of nearly half an inch (fig. 8B). 


This case has several interesting features: The symptoms were 
brought on by a single severe injury. The clinical appearance is strongly 


suggestive of spondylolisthesis. The dislocation involved the fourth 


lumbar instead of the fifth lumbar vertebra. The mobility of the spine 


is unusually free. The disability is comparatively slight. 





Fig. 9 (case 10).—Forward subluxation of the fifth lumbar vertebra. The 
laminar defect is very distinct (arrow). The front of the sacrum slopes downward, 
favoring dislocation. The body of the fifth lumbar vertebra is wedge-shaped; the 
lower surface is concave. 


Case 10.—Morris S. came to the outpatient department complaining of pain in 
the back of the right hip, which radiated down the back of the thigh to the knee. 
The discomfort had been present for six months. Examination showed a marked 
lordosis with a tilt of the trunk to the right. The lateral roentgenogram showed 
a moderate forward luxation of the fifth lumbar vertebra (fig. 9), with a very 
marked defect, about one eighth of an inch wide, occurring in the laminae. The 
superior surface of the sacrum was concavoconvex; the front half sloped downward. 
lhe inferior surface of the body of the fifth lumbar vertebra was concave, facilitat- 
ing its descent from the sacrum. 
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Case 11.—Sadie K.,? aged 28, came to the outpatient department of the Hospital 
for Joint Diseases complaining of backache. Examination revealed a marked 
lordosis and prominence of the upper sacral border. The lateral roentgenogram 
revealed a forward subluxation of the fifth lumbar vertebra (fig. 10). The body 
of the fifth lumbar vertebra is wedge-shaped and is displaced forward for about 
half its thickness. The lumbosacral angle is increased. The long axis of the 
sacrum makes an angle with the horizontal plane of hardly more than 25 degrees, 
The patient was provided with a plaster corset, which, however, did not relieve her 
pain. She refused to submit to the operation of fusion of the vertebrae. 


Case 12.—Albert P., aged 35, was admitted to the Hospital for Joint Diseases 
for an injury to his neck and head. While at his job as a structural iron worker, 
he was struck on the front of the left side of his neck and chest by the end of a 


Fig. 10 (case 11).—Forward dislocation of the fifth lumbar vertebra. The 
body of the fifth lumbar vertebra is wedge-shaped and is displaced forward at 
least one-half inch. The sacrum is almost horizontal. 


swinging steel girder, and was squeezed between this girder and another stationary 
one behind him. There is no history of the patient falling, doubling up or being 
struck in the lower part of his back. Almost immediately a huge crepitant swelling 
appeared in his neck. This gradually extended to the right side of the face. On 
admission to the hospital several hours after the accident, the patient looked very 
sick. He was coughing, and was dyspneic and moderately cyanotic. He was, how- 
ever, thoroughly oriented and able to walk, and he did not complain of pain any- 
where except in his throat and neck. At this time the patient was so desperately 
ill that the examination was limited to the throat, neck and chest. The emphysema 
threatened his life. X-ray films of the neck showed a fracture of the sixth and 


2. This case is included in my series with the permission of Dr. Jahss. 
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seventh cervical vertebrae. The patient passed through a very stormy period; an 
infiltrating abscess developed, which burrowed down into the mediastinum and had 
to be drained by an extensive operation. 

Five weeks after his admission to the hospital, the patient was well enough to 
get out of bed. Then a complete deliberate examination was made. This showed 
that the sacrum was very prominent. There was a marked groove in the mid- 
lumbar region strongly suggestive of spondylolisthesis. The patient was not aware 
of the hollow in his back and did not complain of backache. X-ray films showed 
the existence of spondylolisthesis. The lateral view (fig. 11) revealed a clear 
defect in the laminae of the last lumbar vertebra. The body of this vertebra was 
displaced forward at least half an inch. The lumbosacral angle was increased, and 
the long axis of the sacrum was almost horizontal. The intervertebral foramina 





Fig. 11 (case 12).—Spondylolisthesis of the fifth lumbar vertebra. Note the 
marked defect in the lamina of the fifth lumbar vertebra. The body of this vertebra 
is displaced forward about one-half inch. The intervertebral foramina (a) between 
the fourth and fifth lumbar vertebrae and the fifth lumbar vertebra and the sacrum 
are smaller than those higher up (b). The sacrum is almost horizontal. The 
arrows point to a defect in the neural arch. 


of the fourth and fifth lumbar vertebrae were decidedly smaller than those of the 
second and third lumbar vertebrae. he patient was not apprised of the finding 
of the dislocation. 


Several months later the patient began to complain of lumbar backache, weak- 
ness and stiffness of the back and inability to lift objects. He had gained con- 
siderable weight. His symptoms increased, and finally fusion of the vertebrae was 
performed. When the laminae and spinous processes were exposed, the posterior 
arch of the fifth lumbar vertebra was found to be very loose and abnormally 
movable vertically and laterally. This was evidently due to a defect in the neural 
arch. No evidence of any callus was seen. 
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This was, then, a case of spondylolisthesis resulting from a “separate 


neural arch.” As there was no direct blow on the lower part of the 
hack, no symptoms referable to that part of the back at the time of 
the injury and no sign of any callus at the time of operation, a frac- 
ture of the laminae of the fifth lumbar vertebra may be excluded, 
Presumably, at the time of the injury the body was twisted, resulting 
in a stretching or tearing of the fibrous tissue. Subsequently, the 
increasing weight of the trunk caused a forward slipping of the body 
of the last lumbar vertebra or spondylolisthesis, giving rise to weakness 
and pain in the lower part of the back. 


Case 13.—Frances S., aged 35, consulted me in March, 1927, for pain in the 
lower part of her back. Five months previously, while bent over, putting on her 
shoes, she felt pain in the right sacro-iliac area. The pain persisted, and at times 
her trunk was deviated to one side. Examination showed that there was an 
increase in the posterior curve of the dorsal region, a corresponding increase in the 
lumbar hollow, and tenderness to pressure over both sacro-iliac joints. The x-ray 
pictures included the whole of the spine, the pelvis and the hips. They were made 
by Dr. Charles Gottlieb of New York. Both he and I noted that the x-ray films 
were negative. I made the diagnosis of subacute sprain of the sacro-iliac joints 
and treated the patient by conservative measures, which gave relief. The important 
fact is that at this time there was no evidence of spondylolisthesis. Unfortunately, 
I did not preserve the original film. 

In February, 1931, nearly four years later, I was again consulted. One week 
previously the patient had fallen down a flight of steps, and since then had had 
pain and stiffness in the back and difficulty in walking. Examination showed an 
angular deformity of the spine at the dorsolumbar junction and a marked hollow 
at the lumbosacral joint. The spinal motions were markedly restricted, and there 
was tenderness to pressure over the dorsolumbar and lumbosacral regions. The 
x-ray pictures showed a compression fracture of the first lumbar vertebra and a 
forward subluxation of the fifth lumbar vertebra, or spondylolisthesis. The lateral 
film of the fifth lumbar vertebra (fig. 12) showed that the front of the body of 
the fifth lumbar vertebra was about one-half inch anterior to that of the sacrum. 
There was a gap of about half an inch in the substance of the laminae, with the 
spinous process of the fifth lumbar vertebrae in normal alinement with that of the 
sacrum. 


This patient evidently had a congenital defect in the laminae of the 
fifth lumbar vertebra; the segments of the laminae were united by 
fibrous tissue. This fibrous union was torn by the violence of the recent 
fall. The forced flexion of the trunk during the fall caused not only a 
compression fracture of the first lumbar vertebra, but a forward dis- 
location of the body of the fifth lumbar vertebra. 

The especially interesting feature of this case is that the patient 
had a congenital defect in the structure of the fifth lumbar vertebra, 
but up to the recent injury there was no dislocation. The fall was the 
immediate cause of the displacement, and in this sense the spondylol- 
isthesis was traumatic. That the fall did not cause a fracture of the 
laminae and in that way bring about the spondylolisthesis was proved 
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by the lack of evidence of any callus at the defect in the laminae. This 
case resembles the others in the type of congenital defect in the laminae. 
Had this patient not had a severe injury, the dislocation might never 
have occurred. 


Case 14.—Helen S.,° aged 24, came to the Hospital for Joint Diseases com- 
plaining of tiredness and pain in the lower part of the back. The patient was a 
telephone operator, and she led a sedentary life. There was no known injury. The 
symptoms were of about four or five years’ duration and had come on gradually. 
Examination showed a marked indentation in the back at the lumbosacral junction. 
The motions of the spine were restricted, and there was tenderness to pressure 
over the lumbosacral tissues. 





Fig. 12 (case 13).—Dislocation of the fifth lumbar vertebra. Note the exten- 
sive defect in the laminae of the fifth lumbar vertebra. The body of this vertebra 
is wedge-shaped and its inferior surface is concave, facilitating its descent from 
the sacrum. The long axis of the sacrum makes an angle of about 25 degrees with 
the horizontal plane. The spinous process of the fourth lumbar vertebra is dis- 
placed forward. The lower intervertebral lumbar foramina are reduced in size. 
The arrow indicates the laminar defect. 


The lateral x-ray film (fig. 13) showed an almost complete dislocation of the 
body of the fifth lumbar vertebra. The superior surface of the sacrum was convex, 
with the front half sloping down abruptly. There was a rather wide defect or gap 
in the laminae of the fifth lumbar vertebra. 


Case 15.—Arthur H.,4 aged 29, applied at the Hospital for Joint Diseases for 
relief of low backache of two years’ duration. The onset had been gradual and 


3. This case is included in my series with the permission of Dr. Harry 
Finkelstein. 


4. Dr. Henry Milch allowed me to include this case in my series. 











—————— 


Fig. 13 (case 14).—Almost complete dislocation of the fifth lumbar vertebra. 
The laminar defect is wide (arrow). The upper surface of the sacrum is convex; 
the front half slopes down sharply. The body of fifth lumbar vertebra is wedge- 


shaped. 








Fig. 14 (case 15).—Note the marked laminar defect (arrow). The body of the 
fifth lumbar vertebra is dislocated forward for about half its thickness. The upper 
surface of the sacrum is convex, and the front half slopes downward. 
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did not follow any injury. The patient stood with his body bent forward. There 
was a deep groove over the lumbar spine. The upper part of the sacrum was 
prominent. Flexion and lateral bending of the spine were free and painless. 
Extension was painful. 

The lateral roentgenogram (fig. 14) showed a marked forward displacement of 
the body of the fifth lumbar vertebra on the sacrum. The posterior border of the 
body of the fifth lumbar vertebra was over the middle of the body of the upper 


TaBLe 1.—Cases of Spondylolisthesis 
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TABLE 2.—Age Groups in Cases of Spondylolisthesis 
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sacral segment. There was a marked defect in the laminae of the fifth lumbar 
vertebra. The superior surface of the sacrum was convex, the front third sloping 
sharply downward. 


In previous communications I reported seven cases of spondylol- 
isthesis which, added to the present twelve, make a total of nineteen 
cases in which there was a distinct forward displacement of one of the 
lumbar vertebrae. Of this series, the fifth lumbar vertebra was involved 
seventeen times and the fourth twice, which is about the proportion 
found by other observers. There were twelve male and seven female 
patients. This larger number of male over female patients, as repre- 
sented in my figures, is confirmed by the statistics of some writers, but 
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not by those of others, who have found a slight predominance of spon- 
dylolisthesis among women. It is interesting, however, to observe that 
all recent students of this subject have found a large percentage of cases 
among men, in contradistinction to the older teachings that spondylolis- 
thesis was seen only in women. Of the nineteen patients, one was 14 
years old, eleven were in the age group from 20 to 40, and seven were 
more than 45. Trauma was a known factor in eleven of the nineteen 
cases. In two patients there was a doubtful history of injury, while 
in the rest there was no evidence of any outstanding trauma. 

Tables 1, 2 and 3 combine the seven cases of spondylolisthesis pre- 
viously recorded with the twelve in my present group. 


PREVENTION OF SPONDYLOLISTHESIS 

Cases of prespondylolisthesis are particularly interesting and impor- 
tant because through them one arrives at a means of preventing actual 
dislocation of a defective lumbar vertebra. One may readily believe 
that in cases of prespondylolisthesis, fusion of the vertebrae will prevent 
future dislocation of the fifth lumbar vertebra. In several of my group 
of spondylolistheses, in which the symptoms came on after an injury, 
the displacement of the vertebra was only slight and the dislocation, 
in the words of Max Hallner, was incipient. If one had recognized 
the bony defect prior to the alleged accident, it is conceivable that 
fusion of the vertebrae would have effected a stabilization that could 
resist an injury. It is at least a reasonable assumption, and one that 
should guide the policy of treatment. 


SUMMARY 


Prespondylolisthesis and spondylolisthesis are due to a congenital 
defect in the laminae of a lumbar vertebra, as a result of which the 
posterior arch of the vertebra is connected to the body only by fibrous 
tissue. 

The diagnosis of prespondylolisthesis is made by finding a defect 
in the laminae of the lumbar vertebra without any displacement of the 
body. The clinical symptoms include pain and weakness of the back 
and a variable degree of disability. 

A marked lordosis should make one suspect the existence of a pre- 
spondylolisthesis. 

When the diagnosis of prespondylolisthesis is established, fusion of 
the vertebrae should be advised for the purpose of preventing an actual 
dislocation. 


Spondylolisthesis is now being recognized with increasing frequency 
as an important cause of back disability. 
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The signs, symptoms and roentgen findings of spondylolisthesis 


vary in degree. The subjective symptoms are rarely in direct pro- 
portion to the degree of bony deformity. 


Spondylolisthesis may exist for many years without causing symp- 
toms or disability. 

When symptoms are present, they may be relieved by external 
support of the back, or, in the more resistant cases, by fusion of the 
vertebrae. 

In all cases in which operations were performed, the posterior arch 
was found to be abnormally movable and manifestly connected to the 
vertebral body only by fibrous tissue. 

The patients operated on were relieved of their symptoms. 
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Although great strides have been made in the knowledge concerning wit 
calcium metabolism during the last decade, many things connected with con 
it remain. unexplained. Studies have been greatly stimulated by the dor 
discovery of a concentrated form of vitamin D in irradiated ergosterol, cas 
the preparation of a potent parathyroid extract and the biologic action of 
of ultraviolet rays. Careful chemical studies and admirable dietary 
regimens have added much to previous information. Even such a sub- cal 
stance apparently so far removed from the problem as lead has, in ain 
the expert hands of Aub, his co-workers,’ and others, yielded facts of : 
much value in its relation to calcium metabolism. However, in the a 
present study we are concerned only with the first mentioned agent, 
namely, viosterol. Summaries of the present knowledge on this sub- eno 
ject may be found in readable form in Cantarow’s monograph on cal- Pat 
cium * and in Peters and Van Slyke’s excellent textbook on quantitative . 
clinical chemistry.* : 
It is well known that sufficient quantities of activated ergosterol will Pul 
in time produce abnormal deposits of calcium in various parts of the 
animal body. Although the researches bearing on this are of recent Ex 
date, the presence of such lesions is beyond dispute. Among the most oe 
Mead Johnson and Company of Evansville, Ind., contributed the viosterol. lab 
From the Peiping Union Medical College and St. Luke’s Hospital, San 193 
Francisco. 
This work was done in the Department of Surgery, Yale University School al 
of Medicine, New Haven, Conn. 271 
Submitted to the Faculty of the Yale School of Medicine as partial require- 
ment for the degree of Doctor of Medicine. Er, 
Such terms as viosterol, irradiated ergosterol and activated ergosterol are used 
interchangeably throughout the present article. Ar 
1. Aub, J. C.; Fairhall, L. T.; Minot, A. S., and Reznikoff, P.: Lead Poison- 
ing, Baltimore, Williams & Wilkins Company, 1926. dur 
2. Cantarow, A.: Calcium Metabolism and Calcium Therapy, Philadelphia, phy 
Lea & Febiger, 1931. 
3. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, Co 





vol. 1, Interpretations, Baltimore, Williams & Wilkins Company, 1931. 
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significant studies have been those of T. D. Spies,* Spies and Glover,° 
Kreitmair and Moll,® Smith and Elvove,’ Hoyle,* Shohl, Goldblatt and 
Brown,® Simmonnet and Tanret,’° Schiff," Pfannenstiel,’* Laas,’* and 
von Brand and Holtz.** 

Not only did Spies give findings in relation to the calcium deposits 
in various organs, but by means of viosterol he also produced the same 
process in tubercles. This accomplishment led us to believe that the 
same result might be secured in a neoplasm. 

As regards the spontaneous calcific changes seen in humat epithelial 
tumors, Ewing ** stated that they are infrequent, usually associated 
with regressive processes, and that in rare instances they are con- 
comitant in the viscera. Roussy’*® distinguished between the laying 
down of calcium in the stroma and in the neoplastic cells. In either 
case he noted the slow progress and sometimes even the disappearance 
of the growth. 


Many chemical studies have been directed toward determining the 
calcium content of tumors. Most of the findings have been in agree- 
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Arch. f. path. Anat. 278:346, 1930. 

14. von Brand, T., and Holtz, F.: Beitrag zum Verlauf und zur Prognose der 
durch Uberdosierung von Vitamin D Loesungen erzeugten Krankheit, Ztschr. f. 
physiol. Chem. 185:217, 1929. 

15. Ewing, James: Neoplastic Diseases, ed. 3, Philadelphia, W. B. Saunders 
Company, 1928. 

16. Roussy, G.: Le cancer, nouveau traité de médicine, ed. 2, Paris, Masson 
et Cie, 1929, vol. 2, pt. 5. 





590 ARCHIVES OF SURGERY 


ment with Beebe** and Clowes and Frisbie** in that rapid growth 
unaccompanied by necrosis indicates that there is a large amount of 
potassium and a small amount of calcium, but that the reverse is true 
in a slowly growing or necrotic oncoma. 

Krehbiel '® did not discover any significant variations in the blood 
serum calcium levels of people who bore either old or degenerated 
tumors. Theis and Benedict *° demonstrated that the blood serum 
content of calcium was somewhat below normal in a fairly large per- 
centage of patients with cancer. 

Caspari and Ottensooser *' observed some growth retardation of 
the Ehrlich mouse adenocarcinoma following the administration of 
irradiated ergosterol. However, they made no mention of the heightened 
calcific processes that were presumably present, and, consequently, one 
is justified in assuming that they did not make any observations rela- 
tive to these interesting phenomena. Sumi * found that vitamin D 
did not materially influence the growth of a rat sarcoma. 


PURPOSE 


In view of various facts gleaned from the literature, it seemed 
worth while investigating whether viosterol might produce calcification 
of an actively growing carcinoma, and, if so, what effect it and the 
generalized deposition of calcium in the viscera might have on the bio- 


logic behavior of the tumor and its host. 


EXPERIMENTAL MATERIALS AND METHODS 


It was stated by the manufacturer that the viosterol was a sesame oil solution 
of irradiated ergosterol with a biologically-assayed antirachitic potency of 10,000 
times that of cod liver oil, being designated as 10,000 CLO. In the first experi- 
ment it was deemed wise to use a weaker preparation, so that a dilution was made 
with sesame oil until a strength of 1,000 CLO was obtained. In the second study, 
a mixture of 2,000 CLO was given in the first ten injections, and one of 10,000 
CLO was employed in the last nine administrations. 


17. Beebe, S. P.: The Chemistry of Malignant Growths; The Inorganic Con- 
stituents of Tumors, Am. J. Physiol. 12:167, 1904-1905. 

18. Clowes, G. H. A., and Frisbie, W. S.: On Relationship Between Rate of 
Growth, Age, and Potassium and Calcium Content of Mouse Tumors (Adeno- 
carcinoma Jensen), Am. J. Physiol. 14:173, 1905. 

19. Krehbiel, O.: Calcium Content of Blood with Special Reference to Cancer, 
J. Cancer Research 5:199, 1920. 

20. Theis, R. C., and Benedict, S. R.: Inorganic Constituents of Serum in 
Cancer, J. Cancer Research 8:499, 1924. 

21. Caspari, W., and Ottensooser, F.: Ueber den Einfluss der Kost auf das 
Wachstum von Impgeschwiilsten; Untersuchungen iiber das Vitamin D, Ztschr. f. 
Krebsforsch. 32:74, 1930. 

22. Sumi, M.: Influence of Vitamin D on Growth of Transplanted Sarcoma, 
Gann 24:239, 1930; abstr.. Am. J. Cancer 15:322, 1931. 
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The tumor was a transplantable mouse carcinoma secured from the Imperial 
Cancer Research Institute in London. The neoplasm was discovered by Dr. F. W. 
Twort, and his name has become attached to it. Murray 2° stated that it was an 
alveolar carcinoma, first found in the mammary region of a mouse, relatively slow- 
growing, successfully taking in from 70 to 100 per cent of the graftings, and 
metastasizing after a period of about eight weeks. Further notes regarding this 
tumor may be found in the reports of the Imperial Cancer Research Institute.*4 

In the first experiment were included, white, brown, black and gray mice in 
an attempt to observe any differences that might appear in various strains of 
animals. As none were noted, the second study was carried out entirely with 
albinos. Healthy young adults of both sexes were employed, and segregation was 
practiced in order to prevent pregnancies. Throughout the winter the mice were 
excellent experimental subjects, but in the summer great difficulty was had in 
avoiding epidemics of mouse typhoid (proved by repeated cultures) which swept 
the colony at intervals, causing wholesale deaths. After several such calamities, 
the reported investigations were carried on during the cold months in order to 
insure a sufficient longevity of the animals. 

The diet consisted of oats, lettuce and milk. Excellent care was given to the 
animals, and their surroundings were strictly hygienic. 

By means of a trochar and cannula (internal diameter of 1.5 mm.), small bits 
of carefully selected, viable tumor were transplanted into the subcutaneous tissue 
over the upper portion of the abdomen, approximately 2 cm. cephalad to the inser- 
tion point of the instrument through the skin. All grafting was completed within 
thirty minutes after killing the host of the parent growth, and the removed neo- 
plasm was kept constantly moist with physiologic solution of sodium chloride. 
Cleanly cut pieces of tumor nearly as large as the bore of the cannula were used; 
thus all macerated and tiny bits were rejected. The percentage of “takes” ranged 
from 60 to 95. 

At the beginning of the procedure, the instruments were thoroughly sterilized, 
but no attempt was made to antisepticize the skin of any animal except that from 
which the tumor came. No infections were observed. The probable rapid death 
f tumor cells exposed to germicidal agents would have required a drying of the 
skin before piercing it; and it is barely conceivable (but perhaps improbable) that 
the resulting prolongation of the autolytic processes within the excised carcinoma, 
due to the slight consequent loss of time, might have insignificantly lowered the 
number of successful grafts. Be that as it may, we found no need to elaborate 
our procedure. 

In the early postinoculative period it was difficult to estimate the percentage 
of permanent “takes,” for some transplants remained almost stationary for a time 
while others promptly increased in bulk and then either continued to enlarge or 
disappeared. Therefore, a few animals lost their tumors during the experimental 
period, but, in order that we might witness their general condition during life and 
examine their organs at death, they were not eliminated from the study. 

An intraperitoneal method for the administration of the viosterol was employed. 
The evolvement of this technic and the results secured (in addition to those on 
the tumor) constituted a special problem and have been incorporated in a separate 
article.25 The procedure was merely the injection of viosterol into the peritoneal 


23. Murray, J. A., Director Imperial Cancer Research Institute, London, 
personal communication. 

24. Imperial Cancer Research Fund, London, rep. no. 4, 1911, and no. 5, 1912. 

25. Spies, J. W., and Lyman, G. P.: The Intraperitoneal Administration of 


Viosterol in Mice, unpublished studies. 
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cavity through a hypodermic needle. The point of interest centered in to what 
extent, if any, the peritoneum of the mouse would absorb the vitamin D principle 
of irradiated ergosterol. Its efficacy in this direction was considerable, as was 
demonstrated by the calcification of organs which corresponded closely to the 
process shown by previous investigators as following the ingestion of suitable 
amounts of viosterol. 

The injections of the sesame oil, certain samples of which contained activated 
ergosterol, were begun as soon as the permanency of the transplants seemed fairly 
assured, thus lengthening the time available for the inoculated substances to act 
and, by means of the utilization of young tumors, lessening the factor of spon- 
taneous necrosis in the neoplastic cells. 

The tissues were fixed in 70 per cent ethyl alcohol and then stained according 
to von Kossa’s technic for the microscopic detection of calcium, and with hemo- 
toxylin and eosin for the study of cell structure. 

The histologic presence of calcium deposits was the deciding factor as to 
whether negative or positive results had been obtained, but the general condition 
of the animals was observed as an indication of toxicity, and the growth of the 
tumor was noted as a matter of interest. 


PLAN OF EXPERIMENTS 


Illustrative details of two experiments are set forth. In the first of these a 
total of twenty-seven mice was employed. Eleven of these received viosterol in 
addition to the regular diet (table 1). A second group (experiment 1) contained 
nine mice, each of which was given unadulterated sesame oil plus the basal ration, 
thus serving as a control for the vehicle of the activated ergosterol (table 2). 


These two series received the same amount of sesame oil at each injection 
(table 4). A third lot (experiment 1) comprised seven animals which obtained 
nothing aside from the routine laboratory food (table 3). 

At the beginning of the study each animal in experiment 1 bore a tumor. A 
few of these regressed during the period of observation. In order to care for the 
time factor, the span of life in the two control groups was made to parallel closely 
that in the viosterol series. 

In experiment 2 there were thirty-five mice. The first group, consisting of 
fifteen tumor-bearing animals, received irradiated ergosterol and the customary 
diet. The second lot, comprising eleven tumor-bearing members, was given nothing 
in addition to the usual ration. The third series, containing nine tumor-free ani- 
mals, was given injections of the same amount of viosterol as the first group. Thus 
the last two lots served as controls for the first. Data concerning experiment 2 
are found in tables 5, 6, 7 and 8, respectively. 


RESULTS 


Tables 1 and 5 contain data which demonstrate that abnormal 
amounts of calcium were deposited in the experimental tumor and in 
the viscera of mice that were given intraperitoneal injections with 
viosterol over a period of from twenty-nine to sixty-one days. The 
longer the interval of time the greater was the intensity of calcification, 
but apparently it was more pronounced in the areas of recent necrosis. 


Mou: 
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this being especially noted in the carcinoma (figs. 2 and 3). However, 


one may not say from our studies whether the necrosis preceded or 


TaB_e 1.—Experiment 1; Data on Viosterol Group 








Microscopie Amount of Calcium 
No.of -—— ooo 
Doses 


Tumor Total 
Present Days* 
No 25 
Yes 60 
Yes 60 
No 45 
Yes 49 
Yes 29 
Yes 61 
Yes 45 
Yes 26 
Yes 58 
No 31 





Tumors Organs 


None 

Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
None 

Moderate 
Moderate 


Moderate 
Moderate 


et et 


— 
OID tO -1 Wwe sit) 


Moderate 
Moderate 
Moderate 
Slight 

Moderate 





* Total days from the time of the first injection of viosterol to death. 
The administration of viosterol began ten days after the grafting of the tumor. 
There were eleven mice. Eight had tumors, all of which showed calcification. 


Eight mice 
revealed the same process in the lung, stomach, kidney and aorta. 


TasLe 2.—Experiment 1; Data on Sesame Oil Group (Controls) 


Microscopic Amount of Calcium 
Total No.of -— wa 
Days* Doses 


Yes . 12 None 
No 22 6 None 
Yes None 
No None 
Yes None 
Yes None 
Yes None 
No None 
No None 


Tumor 
Present 





~ 


Tumors Organs 








* Total days from the time of the first injection of sesame oil. 
The administration of sesame oil began ten days after the grafting of the tumor. 


There were nine mice. Five had tumors. No calcification was seen in either the tumors or 
the organs. 


Tas_e 3.—Experiment 1; Data on Group into Which No Injections Were Made 
(Controls) 


Tumor 

Present 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 





Total 
Days* 


40 
61 
41 
26 


r-— 


Tumors 


None 





* Total days from the time of beginning of the injections in groups 1 and 2. 


Microscopic Amount of Calcium 
— Eee 


ae 


Organs 


None 
None 
None 
None 
None 
None 
None 


The tumor was grafted on the same date as in the other groups of experiment 1. 


There were seven mice. Six had tumors. No calcification was seen in either the tumors 
or the organs. 


was caused by the deposit of calcium. A similar process, of lesser 
extent perhaps, was seen in the pulmonary metastases (fig. 4). 

The evidence amassed in tables 3 and 6 reveals that those mice 
which were given only the usual diet did not show calcium by the von 
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TaABLe 4.—Experiment 1; Dosage Kos: 


= bein; 

Number of Amount* Each Total Dos- Period of 
Doses Dose, Ce. age,Ce. Dosage, Days copr 

1,000 CLO cont 

0.10 0.10 e 

0.10 c 5 ot Vv 

0.10 ¥ § 

0.10 ’ 2 the 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.133 

0.133 

0.133 

0.133 

0.133 


* In terms of a sesame oil solution of irradiated ergosterol having a biologically-assayed 
ntirachitie potency of 1,000 times that of cod liver oil. 


TABLE 5.—E-xperiment 2; Data on Viosterol Group 


Microscopic Amount of Calcium 
Tumor Total No. of ——— “ ———__— 
Mouse Present Days* Dores Tumors Organs 


Yes 14 Moderate Large 
No 17 Large 
No 17 Large 
Yes 18 Large Large 
Yes f 18 Large Large 
Yes 18 Large Large 
Yes § 18 Large Large 
Yes 5 18 Moderate Large 
Yes 18 Large Large 
Yes 2 19 Large Large 
Yes 5 19 Large Large 
Yes 52 19 Large Large 
Yes y 19 Large Large 
Yes 53 19 Large Large 
Yes 5s 19 Large Large 


* Total days from the time of the first injection of viosterol to death. 

The administration of viosterol began ten days after the grafting of the tumor. 

There were fifteen mice. All showed calcification of lung, stomach, kidney and aorta. 
Thirteen of the mice had tumors, each of which revealed calcification. 


TABLE 6.—Experiment 2; Data on Group into Which No Injections Were made 


Microscopic Amount of Calcium 
Tumor Total —— A~ —__——-~ F 
Mouse Present Days* Tumors Organs , 
. . é nothi 
1 ch near Yes 43 None None 
9 SEE Yes 43 None while 
eis beterkens No 46 None 
Yes 49 None pykn 
ee No 49 None 
( - Yes 49 None None 
7 ‘ Yes 49 None None 
8 : Yes 49 Very slight None 
9 NE AED Yes 51 None cale 
10 wniets No 51 None 
11 Fo Yes 51 None None enec 


von 





* Total days lived as dated from the time of the first injection of viosterol in previous 
group (table 5). The mice represented by tables 5 and 6 received tumor grafts on the same date d 
There were eleven mice. Eight had tumors, of which two showed very slight calcification. ep 
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Kossa histologic method except to a minor degree in two instances, these 
being limited to the tumor and probably due to viosterol secured by 
coprophagy. Necrosis of the neoplasms seemed as marked in the 
control animals (fig. 1) as in those which had been given large amounts 
of viosterol, thus evincing that so far as the carcinoma was concerned 
the death of the tissues probably preceded the laying down of the 




















Fig. 1 (mouse 2, table 6).—Section of primary tumor. The animal received 
nothing aside from the routine diet. The lighter areas represent necrotic tissue, 
while the darker ones depict viable tumor. The relatively few black points denote 
pyknotic tumor nuclei and leukocytes. No evidence of calcification is seen. 
von Kossa stain; x 75. 


calcium, and that necrobiosis was not necessarily the result of the height- 
ened calcific processes. 


Table 2 reveals that the sesame oil per se had no effect on the 
deposition of calcium in either the neoplasm or the organs. 














Fig. 2 (mouse 9, table 5).—Section of primary tumor. (Figures 2, 3, 4 and 5 
represent the same mouse.) This animal received injections of viosterol. The 
black areas portray marked calcification of portions of the tumor. von Kossa aeons 
stain; * 75. 








Fig. 3 (mouse 9, table 5).—Section of primary tumor. The black portions 
illustrate the general distribution of the calcium deposits. von Kossa stain; X 18% 

















Fig. 4 (mouse 9, table 5).—Section of pulmonary metastasis. The black area 
of the central portion of the tumor represents marked calcification in contrast to 
none in the periphery or in the adjacent lung. von Kossa stain; * 125. 








ae : 
BPS. emt 


Pe 4 





Fig. 5 (mouse 9, table 5).—Section of lung. The calcium deposits correspond 
to the blackest areas. Depicted in the lower right hand portion of the photograph 
‘Ss an artery with partial calcification of the wall. The same pathologic process is 
in the bronchus (middle of figure) and to a lesser extent in the alveolar septums. 
von Kossa stain; & 75. 
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Histologic studies showed that the presence of large amounts of 
calcium in the neoplasm did not apparently increase the mortality of the 
cancer cells or accelerate fibroplasia. 

TaBLe 7.—Experiment 2; Data on Viosterol Group, Tumor-Free Mice 

(Controls) 





Microscopic Amount of Calcium 
Total No. of _— ream? a2 ee 


Day* Doses Lung Stomach Kidney Aorta 


15 : None None None None 

43 Marked Marked Marked Marked 
48 7 Marked Marked Marked Marked 
48 Marked Marked Marked Marked 
48 7 Marked Marked Marked Marked 
46 } Marked Marked Marked Marked 
48 j Marked Marked Marked Marked 
48 7 Marked Marked Marked Marked 
48 7 Marked Marked Marked Marked 








* Total days from the time of the first injection of viosterol to death. 

Mouse 1 died too early to show characteristic changes of hypervitaminosis D. 

There were nine tumor-free mice. Eight had calcification of the lung, stomach, kidney 
and aorta. 


TaBLe 8.—E-xperiment 2; Dosage 





Amount Total Period of 
Each Dose,* Dosage, Dosage, Condition of 
Ce. Ce. Days the Mice 
2,000 CLO 


0.064 Normal 
0.112 Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Norma! 
Normal 
Normal 


10,000 CLO 


0.016 : ? Anorexia, loss of weight, 
0.080 \ bloody diarrhea 


0.176 { Tendency to 
0.272 inactivity, 
0.368 ruffling of hair 


0.464 Some mice have died; 
0.592 i others are unsteady, 
0.720 8 f and tails are 

0.848 5 } cyanotic 





* In terms of a sesame oil solution of irradiated ergosterol having a biologically-assayed 
antirachitie potency of 2,000 CLO in the first sample and 10,000 CLO in the second. 


The deposition of calcium in the tumor may have slightly preceded 
that in the organs, but in the latter stages of the disease the process 
was apparently as marked in one as in the other. 


The observations made on the tumor-free mice (table 7) show that 
the calcification of the animal tissues was independent of the presence 
of the carcinoma, and in addition confirms the work of previous 
investigators. 
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In our animals the natural course of the Twort carcinoma did not 
seem to be influenced significantly by the giving of large amounts of 
viosterol. There may have been more early regressions, but tumors 
which did progress advanced at the usual rate and were able to metasta- 
size to the customary site, i. e., the lungs. 

After approximately thirty-four days the toxic effects of the acti- 
vated ergosterol were manifested in obvious derangements in the general 
condition of the animals (table 8). Since the signs of illness appeared 
simultaneously with the administration of the more potent solution 
(10,000 CLO), and since furthermore the first dose was more than 
proportionately reduced in quantity, the occurrence of these signs at 
that particular time was considered but a coincidence. 


COMMENT 


The calcification of an experimental tumor by means of viosterol 
might well raise the question as to its clinical application. The same 
problem has presented itself in the therapy of tuberculosis. In the first 
part of this paper it was pointed out that T. D. Spies had experimentally 
produced calcification of tubercles by giving large amounts of irradiated 
ergosterol. He warned against the clinical use of proportionate dosages 
in people and would therefore make no presumption that his work 
could, or should, be duplicated in patients. Becker ** and others have 
reported good results in persons suffering from phthisis, but on the 
whole the evidence has not been convincing. 

From our observations we should surmise that in human carcinomas 
the results of giving large doses of viosterol would be disappointing. 
This is based on the facts that the fully established tumors in our 
animals were not restrained, and that the necrosis seemed no greater 
than in the control neoplasms. Moreover, as medication continued, 
the animals became ill and died. It might be desirable to test the effects 
of therapeutic dosages of viosterol in mice bearing various types of 
tumors, but a sufficient period of time should elapse so that a possible 
connective tissue reaction might be instituted, and care should be taken 
in order that the natural resistance of the host to the neoplasm would 
not be lessened through damaging the viscera with toxic doses of activated 
ergosterol. 

Since both lead and calcium have an affinity for osseous tissue, it is 
interesting to conjecture the results that might be obtained from such 
therapy directed toward bone tumors. Certain interchanges which occur 


26. Becker, O.: Vigantol-Kalkbehandlung bei Lungentuberkulose, Deutsche 
med. Wchnschr. 56:1007 (June 13) 1930. 
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in vivo between lead and calcium indicate the possibility of viostero] 
being able to influence the deposition of lead. 

The increased density due to calcium deposits might theoretically 
offer a possible aid to roentgen diagnosis, but in order to be safe, and 
therefore of clinical value, the calcification of the tumor should precede 
that of other tissues. At present such a selectivity does not seem 
probable. Since neither the cancer nor the tissues had any apparent 
influence on the calcific processes in the other, one would assume that 
the deposition of calcium was a general phenomenon and that there 
was no greater susceptibility of the neoplasm than of the stomach, 
lungs, aorta and kidneys. 


TABLE 9.—Summary of Data 








Experiment 1: 
Viosterol group: 8 mice with tumors; all revealed calcification of the tumors (table 1) 
Sesame oil control group: 5 mice with tumors; none revealed calcification (table 2) 


wen receiving only usual diet: 6 mice with tumors; none revealed calcification 
(table 


Experiment 2: 
Viosterol group: 138 mice with tumors; all revealed calcification of the tumors (table 5) 
Control group, receiving only usual diet: 8 mice with tumors; two revealed very slight 
calcification of the tumors (table 6) 
Control group, without tumors but receiving viosterol: 9 mice without tumors; eight 
revealed calcification of certain organs (table 7) 


Combined data of experiments 1 and 2: 

Viosterol groups: 21 mice with tumors; all revealed calcification of the tumors 

Control groups; receiving only usual diet: 14 mice with tumors; two revealed very slight 
calcification of the tumors 

Control group, receiving sesame oil containing no viosterol: 5 mice with tumors; none 
revealed calcification 

Control group, receiving viosterol but bearing no tumors: 9 mice without tumors; eight 
revealed calcification of certain organs 





One criticism that might be offered against the present studies is that 
the animals receiving injections of viosterol were not rigidly separated 
from the others. Nelson and Steenbock ** have shown that the feces 
of rats contain protective amounts of vitamin D after the animals 
have been subjected to the ultraviolet rays. It is possible that coprophagy 
might have enabled some mice that did not receive injections to secure 
a quantity of vitamin D from their cage mates that had received viosterol 
by way of the peritoneal cavity and thus explain the slight calcification 
of tumors in two mice which were given nothing but the diet. However, 
one does not know that the results of Nelson and Steenbock would be 
obtained under our experimental conditions, and, moreover, the marked 


uniformity of our findings was preclusive of any serious investigative 
errors. 


27. Nelson, E. M., and Steenbock, H.: Fat Soluble Vitamins: Further Observa- 
tions on Antirachitic Action of Irradiated Animals on Non-Irradiated When 
Placed in the Same Cage, Am. J. Physiol. 73:341, 1925. 
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SUMMARY 


We have endeavored to rationalize the present study on the basis 
of clinical and experimental observations which have shown that in a 
general way the presence of a large amount of calcium in an epithelial 
tumor is indicative of growth retardation. 

Because dependable researches have proved that certain organs 
of the body may be overloaded with calcium due to the influence of 
irradiated ergosterol, it was thought that calcium might be deposited 
in a carcinoma as a result of the host receiving large amounts of viosterol. 
A more direct lead was that given by T. D. Spies, who clearly demon- 
strated that such an effect could be produced in tubercles. 

The materials and experimental methods employed have been 
described in detail, and the results obtained have been portrayed in tables 
and photographs. The summary of the data may be found in table 9. 

The chief point of interest was that an intense calcification of por- 
tions of a mouse carcinoma was obtained by means of viosterol. 

A discussion of the effects secured has been appended. This includes 
a criticism of the present investigation and its application to the clinic. 


CONCLUSIONS 


1. Toxic doses of viosterol produced calcification in actively growing 
mouse carcinomas and their metastases. 


2. The heightened calcific process in the neoplasm was apparently 
concomitant with that in certain viscera. 


3. Except in the early stages of therapeusis and tumor growth, the 
biologic behavior of the host seemed more affected than that of the 
neoplasm. 
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BLADDER 


Carcinoma.—Barringer *' stated that the technic of the suprapubic 
method of implantation of radon seeds into vesical tumors as developed 
at the Memorial Hospital is comparatively simple. It has an operative 
mortality of between 3 and 4 per cent, yet is successful in controlling 
many tumors that are inoperable. It is especially successful in dealing 
with tumors of the base of the bladder and trigone. 

In some cases the implantation is not properly performed. There 
are two principal reasons for this: (1) The surgeon who is responsible 
for the diagnosis and the operation is usually not trained to give treat- 
ment with radium, and (2) an adequate number of radon seeds of a 
proper strength is often not available. For suprapubic implantation one 
should have at hand half again as many radon seeds as one thinks may 
be required, since neither cystoscopy nor a cystogram can possibly indi- 
cate the extent of a large vesical tumor. 

In a specific consideration of the control of vesical carcinoma by 
radium, there are two methods of approach: radium applied through 
the open bladder and through the cystoscope. Each of these methods 
has been successful in a comparatively large series of cases. The supra- 


31. Barringer, B. S.: The Technique of the Suprapubic Implantation of Radon 
Seed into Bladder Carcinoma, Surg., Gynec. & Obst. 55:487 (Oct.) 1932. 
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»ubic method of approach is the one of choice. Points in favor of 
always using it are: the ease with which it can be done, and the relatively 
iow mortality. In the first 109 consecutive cases treated suprapubically 
by Barringer, he stated that 4 patients died in the hospital, an operative 
mortality of 3.6 per cent. Since that time the operative mortality in 
his cases has risen to about 4 per cent. This percentage is low when 
one considers that many inoperable cases are included. 

During the last six years, Barringer stated, spinal anesthesia has 
been used in the Memorial Hospital. In none of the cases, now num- ° 
bering more than 1,000, has death resulted from anesthesia. The shock 
to the patients has been minimized, and they are able to take fluids in 
much larger quantities, and sooner, than after general anesthesia. 

If the tumor is papillary, the papillary portions are removed by some 
form of cautery, so as to expose the base of the lesion. If the tumor 
is flat and the surface sloughs and ulcerates, light cauterization should 
be done to help control the infection. Radon seeds, of a strength 
between 1 and 11%4 millicuries, should then be implanted at the base of 
the tumor. To treat a large tumor accurately at least twenty radium- 
bearing needles should be used. A line of these needles is placed on the 
extreme edge of the tumor, then a second line above this. 

The patient does not experience any reaction from the radium until 
from ten days to two weeks have elapsed, and the height of the reaction 
occurs perhaps a month after implantation and then slowly recedes. 
Pain and urinary frequency result. The larger the dose of radium and 
the nearer the tumor is to the vesical neck, the greater is the reaction. 
In making the implantation one does not pay any attention to the 
ureteral orifices, even if the tumor is directly over one or both. 

soyd ** called attention to the significance and frequency of urinary 
obstruction in carcinoma of the bladder, which can, in some cases, be 
satisfactorily treated and prevented by nephrostomy. Nephrostomy 
should be used to prepare patients, particularly for cystectomy, when it is 
a more rational procedure than ureteral transplantation to the bowel, 
at least until ureteral transplantation by the Coffey technic is proved 
to supply adequate drainage as long as it is needed. Boyd stated that 
the literature on carcinoma of the bladder seems to indicate that urolo- 
gists do not generally appreciate the frequency with which urinary 
obstruction occurs with vesical growths, nor do they often enough take 
advantage of the opportunity that is offered by nephrostomy to cure or 
relieve the suffering of patients with carcinoma of the bladder. 

In the past, two essential factors have been lacking to make nephros- 
tomy as popular an operation as it should: (1) satisfactory tubes and 


32. Boyd, M. L.: Indications for Nephrostomv and Nephrectomy in Carcinoma 
ot the Bladder, J. A. M. A. 99:1226 (Oct. 8) 1932. 
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containers for urine, and (2) an operative technic which avoided hemor- 
rhage and leakage of urine about the tube.- An efficient method of 
urinary drainage and an efficient apparatus are illustrated by a case in 
which nephrostomy had been performed and eight years later the patient 
was in good health, had married and was carrying on the business of 
life satisfactorily. 

Hirsch and Schmidt ** stated that the diffuse infiltrating type of 
carcinoma of the urinary bladder, according to the experience of urolo- 
‘ gists, has an insidious clinical course. The usual symptoms may be 
absent, especially hematuria. The outstanding anatomic features are 
the marked infiltration and thickening of the vesical wall and the absence 
of a conspicuous tumor of the lining epithelium. 

In one case, the cells of the tumor were small, and in regions in 
which compression, necrosis and deep penetration of the vesical wall 
had not masked the structure, the arrangement was papillary. This 
papillary form alines the infiltrative carcinomas of the urinary bladder 
with other papillary tumors of the urinary tract. If this papillary 
arrangement is not recognized in the examination by the pathologist, the 
small size of the carcinomatous cells and their diffuse infiltration of the 
wall of the bladder may lead to the histologic diagnosis of round cell 
sarcoma or lymphosarcoma. 

Winsbury-White ** reported a case of leukoplakia of the bladder. 
The initial symptom was hematuria, associated later with increased fre- 
quency, urgency and difficulty of urination, of twenty-seven years’ 
duration. Cystoscopy was unsatisfactory because the mucosa of the 
bladder was irritable and there was a large ulcer on the trigone. The 
bladder was drained suprapubically, and after twelve weeks, when the 
sinus had not closed, four 1.3 mg. radium needles were implanted in 
the ulcerated area. 

After nine months, the symptoms were as severe as before opera- 
tion. Cystoscopy was again impossible because the bladder was highly 
irritable. Study of the upper and lower parts of the urinary tract dis- 
closed no etiologic factor. Urograms made after intravenous injections 
gave essentially negative results. Moderate infection was present, and 
colon bacilli were found on culture. The Wassermann reaction gave 
negative results. Microscopic sections from the vesical wall revealed the 
characteristic changes of leukoplakia. The epithelium was squamous, 
with keratinization of the superficial layers, a well marked stratum 
granulosum and well developed tongues of epithelium projecting deeply 
into the underlying connective tissue. The outstanding feature was the 


33. Hirsch, E. F., and Schmidt, L. E.: The Diffusely infiltrative Carcinoma of 
the Urinary Bladder, Am. J. Cancer 16:882 (July) 1932. 

34. Winsbury-White, H. P.: Leucoplakia in the Urinary Tract, with a Report 
of a Case, Brit. J. Surg. 20:49 (July) 1932. 
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uniform distribution of the change over the whole of the vesical mucosa 
except that the trigone was ulcerated. 

In considering the etiology of leukoplakia Winsbury-White called 
attention to the accumulated evidence that it is a deficiency disease. It 
has been demonstrated that epithelial metaplasia not confined to but 
including the urinary tract is common if the diet is deficient in vitamin 
A. Although infection is commonly associated with leukoplakia, it can- 
not be assigned as a cause. 


Bilharziasis —Makar ** described the cystoscopic appearance of bil- 
harziasis of the bladder. The changes are the result of infiltration of 
the wall with ova of Bilharzia. The infiltrations may be superficial, 
producing pathologic changes, but the cystoscopic picture is typical, 
although at times it is confused with that of carcinoma or tuberculosis. 
The process may be deep, leaving a normal mucosa. More commonly, 
however, the deep lesions produce changes in the mucosa. 

The lesions may be divided into those of the mucous membrane, the 
submucosa, the deep vesical tissues, the intravesical portion of the ure- 
ters and the complicating lesion. The characteristic lesion is the 
bilharzic tubercle, which is not unlike the tubercle of tuberculosis. At 
times the tubercles coalesce to form the bilharzic nodules, which in turn 
may group to form the bilharzic node. The nodules may form ulcers, 
which in cases without infection are small, superficial and devoid of 
slough. With the advent of infection, secondary changes in the ulcers 
take place. 

Bilharzic papillomas commonly occur on the posterior wall and at 
the ureteral orifices. Calcification is common in these lesions, and 
roentgenograms are characteristic. Infiltration of the deep vesical tis- 
sue with bilharzic ova and the accompanying fibrosis and calcification 
produce submucous masses with ulceration, pedunculation and, later, 
marked contraction of the bladder. The bladder infested with Bilharzia 
may become severely infected. One of the most common and distressing 
complications is bilharzic carcinoma, which has been named “irritation 
cancer,” because its origin is attributed to prolonged irritation by myri- 
ads of bilharzic ova. 


Diverticulum.—Martin ** stated that unrecognized diverticula of the 
bladder encountered during the course of prostatectomy are a source 
of great trouble; an attempt should always be made to diagnose and 
treat them before operation. Although the diagnosis is most often made 
in cases of infection or in difficult cases in which numerous cystoscopic 


35. Makar, Naguib: Cystoscopic Appearance of Bilharziosis of the Bladder, 
Brit. J. Urol. 4:209 (Sept.) 1932. 

36. Martin, L.: A propos du traitement des diverticules de la vessie au cours 
de la prostatectomie, J. d’urol. 383:182 (Feb.) 1932. 
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examinations are required, one is occasionally confronted with a case 
of acute retent.. .. in which the urine is clear; this does not suggest a 
diverticulum. When the diverticulum is not too large, adequate drain- 
age may be secured by simple débridement, followed by packing with 
gauze, without recourse to grave operations which are designed to 
remove the diverticulum. It is advisable to suture together the two 
mucous membranes to avoid diffusion of infection in the cellular tissue 
if this has passed beyond the vesical wall. 

If diverticula are large, however, palliative treatment will fail. In 
individual cases operative methods include multiple _ scarification, 
removal of the spur on one side of the neck of the bladder between two 
clamps, followed by débridement with scissors or knife; simple incision 
and tamponade may also be used. All these ameliorate the condition, 
and if any one of them is successful in suppressing the urethral or 


prostatic obstacle or sclerosis of the neck of the bladder, satisfactory 
results may be obtained. 


{[CompiLers’ Note.—In the majority of cases in which prostatec- 
tomy is performed or in which residual urine is present, cystoscopy 
should be accurately performed and a cystogram should be taken in an 
effort to establish a proper diagnosis before operation. When the 
diverticulum is not of the retentive type, simple removal of the obstruc- 
tion from the vesical orifice by prostatectomy or resection of the vesical 


neck by the electrosurgical method or by the punch operation will be 
sufficient to relieve the condition. Lowsley and Gutierrez *’ have 
described the three-stage method of treatment, to be used when the 
diverticulum is of the retentive type: first stage, suprapubic drainage, 
to relieve infection and secure gradual renal decompression; second 
stage, perineal prostatectomy, when the hypertrophy of the adenomatous 
prostate gland interferes with the normal drainage of the bladder, and 
third stage, suprapubic or transvesical diverticulectomy to remove the 
sac of the diverticulum. Concomitant associated changes, such as 
tumors or calculi, have repeatedly been reported in the literature. Hence 
it is obvious that when a diverticulum is of the retentive type it must 
always be removed in toto in order to obtain permanent cure. | 
Umbilical Fistula—Duclaux and Blondin ** have assembled from 
the literature 35 cases of uracho-umbilical, or as Begg prefers to call it, 
vesico-umbilical, fistula. They reject, or accept with reserve, 30 of the 
56 cases reviewed by J. Monod previous to that date. They accept a 


37. Lowsley, O. S., and Gutierrez, Robert: Operative Intervention for the 
relief of Diverticulum of the Urinary Bladder: Analysis of Fifty-Four Cases, J. 
Urol. 19:459 (April) 1928. 

38. Duclaux, Henri, and Blondin, Sylvain: L’ouraque et les fistules urinaires 
de l’ombilic, Rev. de chir., Paris 71:45 (Jan.) 1932. 
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total of 86 cases that are indisputable, to which they have added 1 case 
of their own. Of these 87 patients 51 were males, and 60 were newly 
born infants or were observed during the first weeks of life. It is not 
exceptional, however, to see such a fistula appear in adults or in aged 
persons. In some of these cases there had been an umbilical fistula in 
childhood, which had been closed, either by operative measures or spon- 
taneously, and which in later years had reopened. 

Certain predisposing causes were found: Thus, phimosis had 
occurred in 5 cases; atresia of the meatus, more or less complete, in 3; 
obliteration of the vesical neck in 1 case, and persistence of the omphalo- 
mesenteric duct in 1. In some cases there was a leaking umbilical gran- 
uloma or the opening of a small abscess at the level of the cicatrix. 

As a rule, the members of the family ask for surgical treatment for 
what is recognized as a painful infirmity in the child. The prognosis 
depends on the extent of the malformations and often on the degree 
of resistance of the newly born infant. Infection of the upper part of 
the urinary tract has in a number of cases proved fatal. Three patients 
who died were between the ages of 25 and 28 years. Adenocarcinoma 
has been known to develop at the site of the fistula. 

In favorable cases the fistula is easily obliterated ; it may close spon- 
taneously or following suitable treatment. When the discharge is free, 
it is easy to close the orifice, but as the tissues are fragile, it easily 
reopens. If the urine exudes drop by drop, owing to failure of the 
ventral cloaca to close, surgical closure is final. 

Thirty-five cases of umbilical tumors were recorded. In 1 case there 
were two penes, and urination from them was simultaneous. Certain 
vesical conditions, such as calculi, were observed in some cases. Begg 
has pointed out a tendency toward lobulation of the kidneys, or to kinks 
or dilatation of the ureters. Abscess and cystitis were present in 5 
cases, tuberculous lesions in 3 and carcinoma in 3. 

Diagnosis is usually easy. If the child is newly born, cicatrization 
is slow after fall of the cord; the integument is irritated by the liquid 
flowing from the navel in greater or smaller amounts; actual inflamma- 
tory lesions may appear, or some form of torpid pruriginous dermatitis. 

The umbilical region is in a state of tumefaction, with a veritable 
hernia protruding when the child cries. At one point of this protrusion, 
usually the lower part, liquid is seen flowing out through a fine orifice. 
The opening is sometimes masked by crusts, or if there is no tumor, 
hidden in a fold of the umbilical depression. The fluid may flow, spurt 
or be elicited by cries or pressure. It is always important to examine 
the lower passages carefully for phimosis. As a rule most of the urine 
flows out through the urethra; the umbilical discharges are less abun- 
dant, and exhibit a certain rhythm; thus in some cases the discharge 
may follow this course with the patient recumbent ; in other cases either 











608 ARCHIVES OF SURGERY 


route may be used at will, or the fistula may be used only at night, etc. 
In the author’s case, the diagnosis was made on the basis of the appear- 
ance of pyuria observed a few days after the umbilical discharge began, 
thus seeming to prove a connection with the bladder. Delore stated that 
infection passes from the umbilicus to the bladder; Legueu stated the 
reverse. 

Various therapeutic measures have been tried. All have two ends 
in view: (1) to reestablish complete permeability of the lower part of 
the urinary passages, and (2) to attempt to obliterate the fistulous 
umbilical orifice. For the first, circumcision should be performed if 
there is phimosis. For the second there are various surgical procedures. 
Compression of the orifice was successful in only 1 case recorded. 
Superficial or intracanalicular cauterization with caustics or the actual 
cautery has given good results. Ligature of the umbilical tumor has been 
successful in some cases and has failed in others. Suture after freshen- 
ing of the canalicular surfaces has been tried, but may lead to hernia. 
The urachus may be opened, the mucosa destroyed with a curet, the 
lower extremity tied at a proper distance from the bladder, the wall 
sutured into its upper half and the lower half plugged with a tampon. 
Or again, the peritoneum may be opened, and the urachus isolated and 
resected, with proper protection of the greater cavity ; the lower extrem- 
ity may be ligated, and the wall completely closed, with care to fix the 
stump well outside of the peritoneum to avoid the risk of intraperitoneal 
fistula. Monod performed total resection of the fistulous urachus, after 
opening the peritoneal cavity ; he closed the vesical breach in three layers, 
with solid recomposition of the abdominal wall, and obtained an excel- 
lent result. Pauchet performed complete resection of the fistula without 
opening the peritoneum, a difficult procedure. 

At present there seems to be agreement that the urachus should be 
completely extirpated, if possible, without opening the peritoneum, but 
usually the procedure is intraperitoneal, with protective technic. A wise 
precaution is to close the umbilical orifice before opening the abdomen, 
by means of a purse-string suture. The vesical suture is done according 
to the customary rules. A catheter is left in place for from three to 
five days. 

The indications for this operation are wide, and one should not 
hesitate to apply it in the case of older children and adults. The only 
contraindications are youthfulness and poor general condition of the 
patient or the presence of a high degree of infection. In newly born 
infants, spontaneous closure is not unusual. On the other hand, in the 
first week of life surgical procedures of any kind seem to present a cer- 
tain risk; the indications at this time are for minor measures, such as 
cauterization and disinfection of the fistulous tract with frequent aseptic 
dressings. If the orifice closes, it may not present any true solidarity, 
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and should be watched for possible reopening, in which case an opera- 
tion, perhaps total resection, may be done at a later period. 


PROSTATE GLAND 


Transurethral Resection.—Boyd and Bailey *° stated that in order to 
discover what tissues are removed at transurethral resection of large, 
benign prostatic growths, and also what reaction takes place in the tis- 
sues about the resected area, they have studied the anatomy of benign 
prostatic hypertrophy. In 4 cases in which the prostate glands were 
large, they performed transurethral resection, and then after one, two 
and four weeks they performed a suprapubic prostatectomy. In all of 
the cases the bladders were infected, and in 3 of them preliminary 
suprapublic drainage had been instituted. 

The authors stated that observation of these cases led them to believe 
that in transurethral resection for benign hypertrophy of the prostate 
gland, the vesical sphincter is cut or partly removed. Also the muscle 
fibers running to the prostatic urethra from the trigone are cut, and 
their assistance in the performance of voluntary urination is lost. In 
cases in which the bladder is infected there is a marked inflammatory 
reaction about the resected region, although suprapubic drainage has 
been established before the resection. The healing of the resected sur- 
face is usually slow, and the cut surface may not heal completely for 
three months. 

Boyd and Bailey further stated that cutting the vesical sphincter 
probably accounts for at least part of the relief from urinary obstruction 
which is generally obtained by resection, in spite of the inflammatory 
reaction which occurs about the resected region and regardless of the 
loss of the assistance which the pull of the trigonal muscle on the vesical 
sphincter offers in voluntary urination. They stated that the important 
factor is the knowledge of cutting the sphincter in performing trans- 
urethral resections, and this knowledge will lead to general improvement 
in the results obtained by the operation and will prevent the poor results 
which occur when insufficient tissue is removed. 

Thompson *° stated that the development of transurethral resection 
has greatly reduced the risk of surgical treatment in cases of prostatic 
obstruction. This has been a great benefit to many men suffering with 
enlargement of the prostate gland, particularly to those who are more 
than 70 years of age, and to those of all ages who are in poor general 
condition. 


39. Boyd, M. L., and Bailey, M. K.: Transurethral Prostatic Resection in 
Benign Prostatic Hypertrophy, Piedmont Hospital Bulletin, September. 1932. 
vol. 6, no. 1. 

. 40. Thompson, G. J.: Transurethral Prostatic Resection for Patients in Poor 
General Condition, Proc. Staff Meet., Mayo Clin. 7:513 (Sept. 7) 1932. 
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In the last year it has been found possible to remove the prostatic 
obstruction of aged and handicapped patients by transurethral operation. 
Many of the patients who were wearing suprapubic tubes were recalled, 
and vesical function was restored. Also, men who have required cathe- 
terization several times daily over periods of two years or more have 
been entirely relieved by an operation which in most cases requires only 
four days in the hospital. The social and economic aspects of such 
complete relief are evident. Patients who have gone into seclusion have 
become interested again in human associations and have returned to 
normal ways of living. In some cases they have been able to resume 
their former occupations. 

The transurethral operation, properly performed, carries so little 
risk that in the Mayo Clinic the surgeons feel justified in performing it 
in all cases except those in which patients are bedridden or in which the 
value of urea is more than 100 mg. for each 100 cc. of blood. 

In order to have available evidence of the relative safety of the 
transurethral operation, 25 cases in which it was performed on patients 
who were more than 70 years of age have been reviewed and compared 
to 25 cases in which patients of similar age were submitted to prosta- 
tectomy. There were no deaths among patients who underwent the 
transurethral operation, whereas 4 of those who underwent prostatec- 
tomy died. Many of the patients in the former group were refused a 
major operation, and those on whom prostatectomy was performed had 
apparently a good chance for recovery; therefore, it is clear that the 
patients who constituted the poorest risks were cared for by trans- 
urethral operation. 

Transurethral operation has greatly reduced the hospital expense for 
patients. This is particularly noticeable in cases in which preliminary 
suprapubic drainage is unnecessary ; in such cases the average postopera- 
tive time in the hospital is only nine and six-tenths days as compared 
with the average of thirty-two and one-tenth days in cases in which 
prostatectomy is performed in one stage. Special nursing care is 
usually required after prostatectomy and rarely after transurethral 
resection. 

Saving time and money is of less importance than saving post- 
operative strain and discomfort. Many patients are operated on under 
spinal anesthesia induced by 50 mg. of procaine hydrochloride. Few 
patients miss more than one meal after the operation; most of them are 
up and have to be cautioned not to walk too much the day following 
the operation instead of barely being able to sit up in a chair. The last 
death occurred nine months ago, following which 210 patients have been 
operated on, and it has not been necessary for any of them to have sub- 
sequent prostatectomy. 
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Many men suffering from the discomfort of suprapubic drainage or 
leading a “catheter life’ could be relieved by this operation, and they 
should be made aware of the fact. 


Bumpus *' stated that the late results of transurethral resection would 
indicate that recurrence of the obstruction even in cases of adeno- 
fibromatous hypertrophy is the exception, for in only 3 of 75 such cases 
was prostatectomy necessary later; in 2 of these it was performed so 
soon after resection as to exclude the possibility of recurrence, indi- 
cating that the faulty results were due to failure to remove sufficient 
tissue. He expressed the belief that adequate removal of all obstructing 
tissue not only is essential to complete elimination of residual urine but 
is the best insurance of a satisfactory postoperative course, for a raw 
surface at the vesical neck, in the presence of residual urine, is a poten- 
tial source of secondary infection. Hence, every effort should be made 
to insure complete emptying of the bladder immediately after resection. 
Bumpus excises the tissue with a tubular knife, used through a modified 
3raasch cystoscope, and controls the bleeding by electrocoagulation of 
the incision both before and after each incision. By this means destruc- 
tion of tissue is kept at a minimum, and healing of these incised areas 
seems to be more rapid than when the tissue is removed by a loop 
electrode. There is the added advantage that any postoperative bleeding 
usually will occur early in convalescence, and will not take place at some 
more distant date, when sloughs from too extensive coagulation come 
away. 

sugbee ** stated that with a clearer understanding of the pathologic 
changes of prostatic obstruction and its far-reaching effect on the 
various systems of the body, with the institution of careful study of the 
various bodily functions, especially renal function, with the proper 
preparation of the patient for operation and with the well conceived 
operative technic and postoperative care, prostatectomy for hypertrophy 
has taken a place where it compares favorably with any major operation 
on any similar class of patients who are operative risks. 


The author further explained that with the perfection of the modern 
cystoscope and urethroscope and the use of electrodes capable of carry- 
ing high frequency currents of high potentiality, resection of the pros- 
tate gland, namely, the removal of sections of tissue of sufficient size 
to relieve obstruction, is possible in carefully selected cases, under sight 
and with the control of hemorrhage. 


41. Bumpus, H. C., Jr.: Results of Prostatic Resection Over a Period of 
Seven Years, J. A. M. A. 99:1836 (Nov. 26) 1932. 


42. Bugbee, H. G.: Operative Relief of Prostatic Obstruction, J. A. M. A. 99: 
1832 (Nov. 26) 1932. 
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Randall ** stated that there are only three major pathologic entities 
involving the prostate gland that cause vesical retention and that depend 
on operation for their relief or cure. These are carcinoma, median 
bars and glandular hypertrophy. 

Knowledge of the pathology of prostatic carcinoma has advanced 
little in the last decade. Microscopically, the majority of these growths 
are true adenocarcinomas, and one startling feature is the early age 
at which some of them are found. For many years carcinoma of the 
prostate gland was thought to have its origin primarily in the posterior 
lobe, but today it is recognized that it may start in, and involve, any 
portion of the gland. Operation does not seem to. effect a cure in malig- 
nancy of the prostate gland in enough cases to heighten enthusiasm. 
Obstruction in these cases is probably due to phlegmonous induration 
of all structures about the vesical outlet, with hampering of the sphincter 
and trigonal muscles and the recognized narrowing of the posterior part 
of the urethra. Relief of these changes by resection should be consid- 
ered an advantage when accomplished, and palliative to the symptoms 
usually present. 

Median bars are sites of fibrosis, which by inevitable shrinkage cause 
stenosis of the vesical orifice and result in retention of urine and all the 
symptoms of prostatism. All evidence points to this fibrosis as the 
result of prostatic infection of long standing. Residual urine in these 
cases is caused by hampered function and at times by actual fibrosis of 
the trigonal muscle. Relief by operation is understandable, and the 
virtue of resection has been amply proved clinically. 

Randall stated that microscopically, prostatic hypertrophy gives 
uniformly the picture of an adenoma which in its growth forms a false 
capsule by pressure from centralized proliferation, and this false cap- 
sule is the line of cleavage which makes enucleation possible. The 
common types of hypertrophy may be presented as follows: 

First, simple hypertrophy of the bilateral lobes. Here two glandular 
masses are separately undergoing enlargement. They are separately 
encapsulated and no matter how large they grow, they do not show any 
tendency to dilate the sphincter or enter the vesical cavity. Cystoscopic 
resection would be least likely to succeed here. 

Second, solitary commissural hypertrophy is found. Arising from 
the posterior commissural glandular tissue, it assumes increasing size 
and may reach surprising growth without other portions becoming 
hypertrophied. This is one of the two varieties of enlargement of the 
“middle lobe.” Highly obstructive to the function of the trigonal 
muscle, its gradual glandular growth is accompanied by hypertrophy 


43. Randall, Alexander: The Pathology of Bladder Neck Obstruction, J. Urol. 
28:509 (Nov.) 1932. 
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of this muscle, as nature’s effort at compensation. These cases afford 
the so-called “bars due to muscle hypertrophy.” 

Third, the two previous combined types are found, and when com- 
missural hypertrophy is present to cause sphincteric dilatation, the lat- 
eral lobes promptly find room above and characteristically herniate 
themselves through the sphincter and assume intravesical prominence. 

Fourth, the subcervical gland of Albarran may be found as a soli- 
tary hypertrophic growth. It is the second variety of enlargement of 
the “middle lobe.” Submucous in origin, its obstructive virtue 
enhanced by its strategic position, it exhibits the ideal form of mechan- 
ical blockage to emptying of the bladder. 

Finally, growth of subcervical and lateral lobes in unison is seen. 
This also is accompanied by sphincteric dilatation and intravesical pro- 
trusion. Function of the detrusor muscle fails, and it is rendered 
incompetent from both lesions; if the growth is unlimited and gigantic, 
resection is doomed to failure. 

Alcock ** reported that transurethral prostatic resection offers excel- 
lent vision, the possibility of removing accurately an adequate amount 
of obstructing tissue and an adequate control of hemorrhage. 

Alcock’s report is based on 175 patients on whom transurethral 
resection has been performed. As this experience covers only ten 
months, it is obvious that nothing can be said about ultimate results. 
No serious effort in the way of follow-up study will be made until at 
least one year has elapsed since resection.. The youngest patient was 
53 years of age, and only 5 patients were less than 60. The oldest 
patient was 85 years of age, and 12 patients were more than 80. One 
hundred and three patients (58.8 per cent) were between 70 and 80 
years of age, and 115 (65.6 per cent) were more than 70. The average 
age for the 175 patients was 71.4 years. Fifty-eight patients (33.3 
per cent) had residual urine of 500 cc. or more. Only 3 patients had 
no residual urine, and only 7 had residual urine of less than 50 cc. 
Eighty-four (48 per cent) either had complete retention at the time 
of admission or gave a history of from one to several attacks. In 28 
patients (16 per cent) carcinomas were present, and in 147 patients 
benign hypertrophy of different types was discovered. Six patients had 
had prostatectomy performed previously. Eighteen patients had had 
cystostomy. In several cases the cystostomy was performed by Alcock, 
previous to his taking up transurethral resection, and was done as a 
preliminary step to prostatectomy. In the other cases cystostomy had 
been performed elsewhere. Alcock has not done cystostomy as a pre- 
liminary step to transurethral resection for seven months. 


44. Alcock, N. G.: Ten Months Experience with Transurethral Prostatic 
Resection, J. Urol. 28:545 (Nov.) 1932. 
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These patients were all prepared as though for prostatectomy. The 
anesthesia used was either transsacral or spinal block, the latter being 
used in a small percentage of cases; 200 transurethral resections were 
done on the 175 patients. Fifteen patients required 2 resections and 
5 patients required 3. Fifteen of these 20 patients were among the 
first 50; of the remaining 5 patients, 3 had carcinoma. 

A casual scrutiny of Alcock’s charts that show the amount of tissue 
removed and the deaths as they occurred in chronologic order reveals 
the fact that the first 50 cases were the most troublesome. Results of 
the first 50 resections were somewhat discouraging. Only very small 
pieces of tissue were removed, and the total amount seemed to be 
entirely inadequate. Great difficulty was experienced and much time 
was consumed in controlling hemorrhage. The time required for these 
resections varied from one to two hours, or more. Practically all of 
the patients had postoperative reactions, and in more than 60 per cent 
of the cases the reactions were violent, as manifested by chills and 
a temperature from 101 to 104 F. that lasted from two to five days. 
Many of the patients were extremely sick. Twelve deaths occurred in 
the first 50 cases. 

Alcock stated that the amount of tissue removed has little relation 
to the results attained, and practically no relation to the total size 
of the gland. The secret is not in determining how much tissue can 
be taken out, but rather in determining accurately exactly what the 
obstructing part is and then removing that part completely. 

Alcock reported that the time consumed when operating in the first 
50 cases was from one to two hours, or more. That has now been 
cut down; the resections at present are consuming from twenty-five 
to fifty minutes and it is seldom that the patient is on the table for 
more than an hour. 

In Alcock’s experience, hemorrhage was in no case a contributing 
cause to any of the deaths, and in no way affected recovery. In fact, 
he has not noted a hemorrhage that even caused an increase in pulse 
rate. He has not had to open a bladder to stop hemorrhage or been 
compelled to use any form of a bag or even a large catheter. He 
expressed the belief that the resectoscope offers a better chance of 
reaching the bleeding point and controlling it than any form of cysto- 
scope. The secret of controlling hemorrhage is good vision, and good 
vision cannot be had if the hemorrhage is allowed to become too great 
before it is controlled. Alcock’s rules are these: to continue to cut 
from one area until the hemorrhage begins slightly to interfere with 
vision; then to stop and carefully search for the bleeding points and 
to check the bleeding of each, one at a time. All bleeding from a 
particular area is controlled before another area is attacked. 
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Bleeding during the first four or five days following operation has 
never been serious. In practically all of the cases there is at least a 
tinge of blood in the draining material, and in some cases considerably 
more than that. After leaving the hospital, several patients have had 
slight terminal hematuria about two weeks following resection. 

Frequency during the first week or ten days after the catheter is 
taken out is the rule, and is to be expected. The frequency is often 
severe for the first five days; after that it decreases, but continues and 
should be expected to continue to some extent for three or four weeks. 
Alcock has not had a case of true incontinence. In many cases during 
the first week, the frequency is so great that it becomes uncontrollable. 
In practically all cases there is some residual urine during the first week 
or ten days after the catheter is taken out. This has varied from a 
few cubic centimeters to as much as several hundred cubic centimeters. 
In some of the first 50 or 60 cases Alcock made a second resection, 
but later he came to believe that this was not necessary, for he 
learned that residual urine will often decrease materially as the days 
go by. 

Alcock stated that sepsis and uremia have been the complications 
most likely to be fatal. Gangrene of the bladder is a complication which 
should be kept in mind and guarded against by being careful not to 
cut too high in the direction of the bladder. Six cases of epididymitis 
occurred in 93 cases in which vasectomy was not done. Alcock intends 
to perform vasectomy on every patient as soon as the indwelling catheter 
is inserted in preparation for the resection. 

Kirwin * reported on the use of his rotary resectoscope. The intro- 
duction of the new cutting and coagulating current of the McCarthy 
surgical unit enabled him to make use of a rotary wire electrode which 
simultaneously resects the tissues and seals the severed vessels. The 
electrode of his instrument works by a lever, its rotary motion definitely 
following the contour of the vesical neck, moving from right to left or 
left to right with equal facility. It leaves behind a smooth, cone-shaped 
orifice. Any bleeding point usually can be controlled by pressure on the 
sheath. 

Other important features of Kirwin’s instrument are: the fixed 
position of the rotary electrode while actual cutting is in progress (this 
prevents the loop riding over the tissue engaged in the fenestra instead 
of passing through it) and the small size of the sheath, which does 
not traumatize narrow urethras. Although the fenestra provides 
absolute protection for the vesical mucosa, so that the urologist need 


45. Kirwin, T. J.: The Evolution of Vesical Neck Resection: Past Results, 
Future Problems, and Use of the Author’s Resectoscope, J. Urol. 28:539 (Nov.) 
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not depend wholly on his skill to avoid piercing the wall of the bladder 
or urethra, the electrode reaches outside the fenestra in its eccentric 
swing, making larger resections possible; the fixation of the tissue to 
be resected permits every section to be brought out as it is cut off, 
keeping the field at all times unobstructed. With the instrument as 
it is now, Kirwin has had varying degrees of success and some failures. 
On the whole, the final results have been satisfactory. 

Kirwin stated that the limitations of intra-urethral excision by 
cautery should be kept constantly in mind. The procedure will never 
entirely replace prostatectomy. An open operation will always be indi- 
cated for the patient in a good general condition who presents marked 
intra-urethral and intravesical protrusion of the lateral lobes and a 
hypertrophied middle lobe. When the transurethral route is followed, 
however, exactly the same preoperative precautions must be observed. 
The result is identical with that expected from perineal or suprapubic 
prostatectomy; therefore, the preliminary procedures should be the 
same. 


Kirwin stated that 78 patients have now been operated on by this 
method, and 3 deaths have occurred, including 1 from cerebral hemor- 
rhage which took place ten days after resection. 

McCarthy ** stated that at present the consensus in his department 
at the New York Post-Graduate Hospital is that endoscopic revision of 


an obstructing prostate gland should be limited to the correction of 
prostatic fibrosis, the so-called “collar condition,” small and moderate- 
sized middle lobes and moderate-sized combined middle and lateral lobes. 

Patients with infected prostate glands, even those included in the 
category before mentioned, who bleed readily on instrumental examina- 
tion or who manifest pronounced fluctuations of temperature following 
such inspection should be carefully scrutinized. ‘The enormous, the 
succulent or spongy prostate gland, the frankly enlarged, readily bleeding 
type and forms of encroachment such as angular conformation or infil- 
tration that inhibit free movement of the instrument should be reserved 
for primary cystotomy and later revision or prostatectomy. 

Up to the present decompression by catheter has been used in most 
of McCarthy’s cases. The few cases in which suprapubic drainage was 
instituted were associated with vesical calculi. In all but the occasional 
case the method of decompression has been tolerated by the patient and 
satisfactory to McCarthy. For the most part the anesthetic used has chiefly 
been procaine hydrochloride, given by the caudal and paravertebral 
routes, and supplemented with urethral instillations of piperidinopro- 
panedial diphenyl urethane (diothane). McCarthy feels that canalization 


46. McCarthy, J. F.: A Technical Consideration of Endoscopic Revision of 
the Obstructing Prostate, J. Urol. 28:519 (Nov.) 1932. 
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or tunneling of the urethra from the internal sphincter immediately 
posterior to the verumontanum, in other words an exaggeration of the 
normal tubular character of the deep urethra, should be sufficient. 

After resection McCarthy advises using a number 24 French whistle- 
tip soft rubber catheter for drainage. The rule is to use the smallest 
possible soft rubber catheter for decompression and the largest possible 
whistle-tip catheter for postoperative drainage. Any interruption in 
drainage must be immediately corrected. 

McCarthy’s objective in the arrest of bleeding incidental to revision 
is that it is to be effected with a minimal amount of coagulation. To 
that end, perfect visualization is a necessary prerequisite. Thus, one 
can see a bleeding point and, however active it is, coagulate precisely 
at this point and not at the expense of the adjacent tissue. Not only 
to coagulate every bleeding point but to blanch every blush is his rule. 

Cecil *7 presented a new electrical instrument for relieving obstruc- 
tions at the vesical neck. The cutting system consists of a hinged bar 
that is permitted to penetrate the neck of the bladder after introduction 
of the instrument. Continuous irrigation is maintained, which permits 
visualization. The current is turned on by means of a foot switch. 
The bladder is filled with about 200 cc. of fluid. Then, with continuous 
irrigation, one observes the vesical neck through the cystoscope, causes 
the knife to project and passes the instrument backward and forward 
until it passes through freely. 

Cecil has found this instrument useful in the treatment of hyper- 
trophy of the prostate gland, of contracture at the vesical neck, of 
carcinoma of the prostate gland and of the various combinations of these 
conditions. Whether it is applicable to any given case must be deter- 
mined by the operator after a thorough urologic examination. 

Carcinoma.—Caulk and Boon-Itt ** reviewed 222 cases of carcinoma 
of the prostate gland. They stated that chronic inflammation of this 
gland may be a predisposing cause. The cautery punch operation in 
conjunction with the use of radium and roentgen rays is their method 
of choice for relieving obstruction and for retarding the progress of 
the disease. In 72 per cent of the cases there was relief of obstruction. 
Twenty-nine per cent of the patients lived or are living more than three 
years, and 10 per cent more than five years after operation, which is 
a longer period than that afforded by prostatectomy. 

The mortality from the operation, regardless of the fact that it was 
done in many cases on extremely ill patients, for whom prostatectomy 


47. Cecil, A. B.: A New Instrument for the Endovesical Treatment of 
Prostatic Obstruction, Urol. & Cutan. Rev. 36:194 (March) 1932. 

48. Caulk, J. R., and Boon-Itt, S. B: Carcinoma of the Prostate, Am. J. 
Cancer 16:1024 (Sept.) 1932. 
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would not have been considered, is 2.5 per cent, whereas the mortality 
rate from prostatectomy in the authors’ clinic is 17 per cent. With 
this treatment, it has not been necessary for patients to stay in the 
hospital as long as for prostatectomy. 

Caulk and Boon-Itt further stated that the punch operation affords 
a definite means of accurately diagnosing carcinoma of the prostate 
gland in 80 per cent of all cases, early or late, which indicates that the 
disease, even in apparently early cases, is present throughout the sub- 
stance of the gland. 

Ferguson ** reported that it is shown that carcinoma may and does 
arise in any portion of the prostate gland or its accessory lobules. 
Three clinical types of carcinoma of the prostate gland are described. 
Each type is characterized by its own clinical syndrome, pathologic 
features and prognosis. Pain, he stated, other than that due to urinary 
obstruction or metastasis to bone, is held to be pathognomonic of lym- 
phatic extension, especially in the perineural lymphatic glands. He urged 
that the end-results of treatment should be evaluated on the basis of 
the clinical classification of the disease. He stressed the value of aspira- 
tion biopsy in the determination of radiosensitivity. He is of the belief 
that the selection of treatment is important, and that the effects of 
irradiation on the tissues of the tumor and adjacent structures should 
be considered. 

TESTIS AND EPIDIDYMIS 


Tumors of Testis—McClure, Sanguinetti and Carlton *° con- 
sidered the radical operation and the interesting microscopic features 
in 2 cases of malignant disease of the testis. For many years the majority 
of testicular tumors were labeled sarcomas, and because of transmission 
of this type of tumor by the blood stream no consideration was given 
to an operation which would insure the removal of the lymphatic-bearing 
tissue. With the recognition of the carcinomatous nature of practically 
all malignant tumors of the testis, the problem was changed, and the 
principles were applied which govern the surgical treatment of carci- 
nomas in other regions. 


The first patient, aged 28, complained of a painless enlargement of 
the right testis of six weeks’ duration. Following orchectomy a diag- 
nosis of malignancy was made, and one month later the radical operation 
was performed, with resection of the region of lymphatic spread up 


49. Ferguson, R. S.: Cancer of the Prostate: Study of Clinical Classification 
and of Effects of Treatment by Irradiation, Am. J. Cancer 16:783 (July) 1932. 

50. McClure, J.; Sanguinetti, H. H., and Carlton, C. H.: The Pathology, 
Diagnosis and Treatment of Two Cases of Malignant Disease of the Testicle, Brit. 
J. Urol. 4:217 (Sept.) 1932. 
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to the renal vessels. The patient was alive and well twenty-one months 
after operation. 

The second patient, aged 29, received an injury to the right testis 
three months before the radical operation had been performed for a 
malignant condition. No metastasis was demonstrable grossly, although 
what was taken to be a simple cyst of the cord at operation was shown 
to be a metastatic deposit in a lymph node. This patient died six months 
later; a large mass was found in the abdomen. 

Microscopically, both of these tumors proved to be teratomas. How- 
ever, in the second tumor the authors found, at the upper pole and 
distinctly separated from the tumor proper, which contained tridermic 
structures, a transition of the normal seminiferous -tubules into the 
structure of a spermatocytoma or seminoma, separated by an imperfect, 
thin, fibrous capsule from the surrounding normal tissue. The transition 
from normal adult seminiferous tubules to malignant tissue was easily 
traced. 

The authors apply these observations to a consideration of the diver- 
gent opinions as to the pathogenesis and classification of tumors of the 
testis. 

[ComPILERS’ Note.—Following the radical operation, the absence 
of demonstrable metastasis in the lymph-bearing area, carefully and 
completely removed up to the renal pedicle, is no guarantee against 
recurrence even after five years. A radical operation was performed 
for removal of an embryonal carcinoma of the testis (seminoma) ; care- 
ful and complete serial sections of the removed tissue did not disclose 
secondary invasion. A course of high voltage roentgen therapy was 
given, and the patient was alive and well seven years after the operation 
without demonstrable recurrences. However, the following year he 
died with a mass in the epigastrium which at necropsy proved to be 
metastasis in the preaortic nodes, at the level of the celiac axis. The 
region below the renal pedicle was free from metastasis and there was 
no local recurrence. 

The radical operation is not so much a formidable procedure as it 
is inadequate, and it would seem that reliance will have to be placed 
on early diagnosis and orchectomy in the hope that secondary invasions 
have not occurred, or if they have, that they may be controlled by high 
voltage roentgen therapy. | 


Ross *? stated that 131 cases of tumor of the testis have been reported 
in which tissue morphologically identical with chorionepithelioma of 
the uterus has been found. These tumors are of further interest because 
in some cases they are associated with activity in the breast of the 


51. Ross, J. M.: 


Chorionepithelioma of the Testis, J. Path & Bact. 35:563 
(July) 1932. 








— 


atte 








620 ARCHIVES OF SURGERY 


male, and recently cases have been reported in which the Aschheim- 
Zondek reaction has been positive. 

Ross described a case in which pulmonary metastasis consisted of 
tissue morphologically identical with typical chorionepithelioma. The 
primary tumor was largely necrotic although small. The origin of 
syncytium and Langhans cells in the abdominal metastasis could be traced 
to small, cubical, darkly staining cells, which also gave rise to carcinoma- 
tous tissue and were found in blood vessels, lymphatic structures and 
the peripheral sinuses of lymph nodes. These cells gave rise to columnar 
epithelium and other structures in the cervical nodes. Ross concluded 
that the formation of chorionepithelioma of the testis is the expression 
of a process of specific partial differentiation of these pluripotential cells. 

Peirson ** stated that 46 cases of bilateral malignant tumors of the 
testis have been reported in the literature. Peirson has added another 
case. Treatment was by castration and prophylactic irradiation, and 
for three years and two months, which was up to the time of writing, 
the patient had remained free from metastasis. In this case castration 
produced few changes, with no loss of libido or potentia; this is often 
the case when the operation is performed on an adult. 

Tumor of Epididymis—Eisenberg, Simons and Wallerstein ™ 
reported a case of spheroidal cell carcinoma of the epididymis. It is 
the third case to be described. The tumor, grossly and microscopically, 
is identical with the neoplasm of the same name that appears in the 
testis. In using the term spheroidal cell carcinoma, the authors avoided 
the controversy as to the origin of this tumor implied in the terms 
seminoma and embryonal carcinoma. From their experience, they 
stated that the Aschheim-Zondek reaction is a valuable aid in the prog- 
nosis of spheroidal cell carcinoma of the testis and epididymis. 

|ComprLers’ Note: It is of interest that the Aschheim-Zondek reac- 
tion is positive in some cases of tumor of the testis or epididymis. 
Recently this reaction was found positive in several cases of chorion- 
epithelioma of the testis. On this basis, it was held that there was a 
physiologic equivalency of the two tumors, chorionepithelioma of the 
testis and of the uterus. Later, Aschheim found a postive reaction in 
a case of tumor of the testis in which a chorionepithelioma could not 
be found. Apparently this reaction is of more aid in suggesting malig- 
nancy than in indicating any specific type of growth.] 


52. Peirson, E. L., Jr.: A Case of Bilateral Tumors of the Testicle, With 
Some Notes on the Effect of Castration of the Adult Male, J. Urol. 28:353 (Sept.) 
1932. 

53. Eisenberg, A. A.; Simons, Irving, and Wallerstein, Harry: A Case of 
Spheroidal-Cell Carcinoma (Seminoma) of the Epididymis, Am. J. Cancer 16:875 
(July) 1932. 
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URETHRA 


/nfection.—Salleras °* reported a case of perivesical abscess following 
rupture of the posterior part of the urethra two years previous to obser- 
vation. The patient had received a blow on the perineum, after which 
he had observed a few drops of blood issuing from the urinary meatus. 
Five hours later he could not urinate, and was catheterized. Three 
days later another attack of retention occurred, with a heavy chill fol- 
lowed by fever. Since then he had had no similar attacks, but he began 
to suffer with incontinence after six months, and observed that the 
urinary stream grew constantly smaller, until almost complete obstruc- 
tion had developed. The hypogastric region was greatly increased in 
size, with a tumefaction reaching from the symphysis pubis to the 
umbilicus ; the swelling was round, smooth and uniform, hard on pal- 
pation and dull on percussion. The urethra admitted only a filiform 
bougie, and catheterization caused scarcely any decrease in the size of the 
tumor. The cystogram revealed a typical “old man’s bladder,” although 
the patient was only 21 years of age. The opaque substance presented 
a festooned outline all around its perimeter, of irregular shape and with 
no contact with the bones of the pelvis or any sign of rupture or luxa- 
tion of these. The senile appearance was caused by the presence of an 
abundance of cellules or diverticula and columns. The lateral oblique 
view also gave evidence of a goodly space separating the organ from 
the symphysis pubis. 

The history of an old rupture, dysuria, urinary obstruction, incon- 
tinence and elevation of temperature pointed to a vesical phlegmon, but 
it was thought possible that the condition was a connective tissue tumor. 
On opening the abdomen by vertical and transverse incisions, with a 
view to exploring the bladder, an abscess was revealed that contained a 
large quantity of thick pus; it was of hard, woody consistence and occu- 
pied almost the entire pelvic cavity ; this was drained. 

Surgical intervention clarified the diagnosis: the urethrorrhagia dem- 
onstrated the rupture of the posterior urethra, for only thus could the 
perivesical hematoma be produced, since it is known that hematomas of 
the anterior urethra are periurethral. If it is assumed that rupture 
of the posterior urethra occurred, the perivesical hematoma following 
was the immediate consequence, and infection was shown by the chills, 
high temperature and retention three days later. The infected hematoma 
then became organized around the bladder. Traumatic stricture fol- 
lowing the rupture explained the incontinence of urine on the basis of 
residual urine and overflow, a symptom that dominated the picture for 


54. Salleras, J.: Flemén lefioso perivesical, secundario a ruptura de uretra 
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eighteen months ; at the end of this period, reactivation of the infectious 
process occurred, with fever, a rapid increase of the inflammatory peri- 
vesical tumor and a poor general condition. Operation made it possible 
to follow the distinct phases of the process up to the formation of the 
abscess, which was then discovered. 

Liberson °° stated that the painful heel noted in gonorrheal infection 
is due to both bony exostosis and the infiltration of soft tissue over it. 
Of 924 patients with infection admitted to the United States Marine 
Hospital during a period of four years, more than 3 per cent of these 
with complications had gonorrheal periostitis, with or without active 
infection in the genital tract. 

Surgical treatment for gonorrheal exostosis is not entirely satisfac- 
tory on account of the prolonged preoperative and convalescent period 
and the frequency of recurrence. Local high voltage roentgen therapy, 
simultaneous with general measures to cure the gonorrheal infection 
when present, shortens the average stay in the hospital and produces a 
more permanent result in a larger number of cases. 


UROGRAPHY 


Moore ** stated that pyeloscopy, in combination with serial pyelog- 
raphy, represents the best means of obtaining an accurate estimate, 
roentgenologically, of the condition of the upper part of the urinary 
tract. The serial pyelograph has the following advantages: It is inex- 
pensive, interchangeable with the Bucky diaphragm tray and adaptable 
to most of the Bucky diaphragms now in use. Moore stated that in 
a review of 211 cases its use was shown to enhance greatly the proper 
interpretation of pyelograms. Evidences of motility in the calices, 
pelvis and ureter are easily demonstrated. Constant filling defects from 
shadowless obstructions are more apparent, and the identification of 
suspicious shadows is facilitated. There is also evidence with this 
method that the obstruction often noted on the passage of a bulb 
through the ureter and the “hang” felt on its withdrawal are often 
caused by local spasm rather than by stricture of the ureter. 

Herbst ** reported the effect of renal sympathectomy on the motility 
of the upper part of the urinary tract as observed by means of urography 
and pyeloscopy. The indications for renal sympathectomy are reflex 
anuria, nephralgia, early renal tuberculosis, the prevention of reforma- 


55. Liberson, F.: Deep X-Ray Therapy in the Treatment of “Painful Hee!” 
with Report of Thirty-One Cases, J. Urol. 28:105 (July) 1932. 

56. Moore, T. D.: The Value of the Serial Pyelograph in Diagnosis, J. Urol 
28:437 (Oct.) 1932. 

57. Herbst, W. P.: Pyeloscopic and Urographic Study Before and After Renal 
Sympathectomy, J. A. M. A. 99:2004 (Dec. 10) 1932. 
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tion of renal calculi, certain types of nephritis, acute hypertension, renal 
sympathicotonia, painful hyperdynamic motility of the renal pelvis and 
painful nephroptosis. Pyeloscopy is, at present, the most satisfactory 
means of studying the myoneural dynamics of the upper part of the 
urinary tract in all such painful conditions. 


Herbst described a painful abnormal motility syndrome which he 
called hyperdynamic motility of the renal pelvis which is relieved only 
by renal sympathectomy. Sympathectomy changed the mechanism from 
one of hyperdynamic motility to one of abnormally decreased activity. 
The decreased motility continued only about eight months, at which 
time hypermotility reappeared. The observations were interpreted to 
indicate that the interrupted nerve paths were beginning to be reestab- 
lished. In this case the resumption of the hyperactivity had not been 
accompanied by recurrence of pain. 


The fact that recognition of various painful abnormal motility syn- 
dromes by pyeloscopy is practical will make the classification of painful 
renal conditions more accurate and should result in a more widespread 
utilization of this valuable aid in diagnostic roentgenology. 


Wesson ** stated that a comparison has been made of the relative 
merits of skiodan iopax and an iopax derivative. The last-mentioned 
preparation was found to be most satisfactory because of the sharpness 
of the pictures, the absence of untoward reactions and the ease of 
administration. The best pictures obtained with the iopax derivative 
were usually made after five minutes. 


In the majority of cases of pyelitis in infancy, intravenous injec- 
tions were found to be valueless because there was no excretion of the 
medium. Intravenous urography should be the first diagnostic pro- 
cedure in cases in which rupture of a kidney, ureter or bladder is 
suspected. 


Wesson stated that in cases of chronic ureteral stones that partially 
block the ureter, a well outlined pelvis secondary to stasis and a varying 
grade of hydronephrosis is shown. A ureteral catheter in the pelvis 
may cause inhibition of secretion of the intravenous medium. Intra- 
venous urography is merely one diagnostic procedure, and the findings 
should be checked, as far as possible, by retrograde methods. This 
procedure has, more or less, restored a large field of medicine to the 
general practitioner, but it must be realized that the procedure is just 
another diagnostic adjunct, and that the urologist must still be depended 
on for the final diagnosis. 


58. Wesson, M. B.: Intravenous Urography: A New Diagnostic Procedure 
tor the General Practitioner, Urol. & Cutan. Rev. 36:296 (May) 1932. 
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Cumming and Jarre stated that roentgen signs of infections of 
the urinary tract have been arranged to parallel, as closely as possible, 
the logical sequence of the classification of infections. Their reports 
are based on data accumulated over a period of three years of study 
with the Cinex camera of Jarre. 

The authors concluded from their experience that the transport 
mechanism of the upper part of the urinary tract, and even of the blad- 
der, has been shown to conform to a regular physiologic order of 
peristaltic emptying. It is dependent on innervation of both extrinsic 
and intrinsic origin. The renal pelvis, its calices acting more or less 
independently of one another, contracts segmentally, the pelvis itself 
contracting and resting in true systole and diastole. The ureter contracts 
in orderly fashion, there being three main segmental units. These are 
regularly affected by disease processes, as are the integral parts of the 
pelvis itself. Acute infections of the mucosal structures are irritative 
first and paralytic later, and gradually, in chronic stages, tend to produce 
atony. Edema of the mucosa of the urinary tract causes poor delinea- 
tion of the borders of calices, pelvis and ureter, especially in intravenous 
urographic examinations. 

The various types of infection of the upper part of the urinary 
tract manifest themselves from the standpoint of roentgen ray observa- 
tions in certain more or less fixed deviations from what has been estab- 
lished as normal physiologic activity. Various types of infection give 
evidence of no differentiating urographic symptoms. 

Resection of the Presacral Nerve.—Foulds ® stated that the recent 
advances in surgery of the sympathetic nervous system have been applied 
to diseases of the urinary bladder. Knowledge of the exact anatomy 
of the nerve supply and the neurophysiology of the bladder has been 
limited until the anatomic studies of Latarjet and Bonnet in 1913 and 
later of Laux, Pieri and others. Learmonth has recently applied the 
anatomic data of these French investigators clinically to the relief of 
some of the forms of neuromuscular dysfunction of the bladder. 

The bladder and its sphincters receive their nerve supply from three 
sources ; first, the hypogastric nerves, the thoracolumbar outflow of the 
sympathetic system through the presacral nerves whose division con- 
stitutes the hypogastric nerves; second, the pelvic nerves or nervi eti- 
gentes, the sacral autonomic fibers, and third, the pudic nerves from 
the somatic centers in the sacral part of the cord. 


59. Cumming, R. E., and Jarre, H. A.: Roentgen Symptomatology of Infected 
Urinary Passages in Combination with a Classification of Urinary Tract Infections 
J. Urol. 28:455 (Oct.) 1932. 

60. Foulds, G. S.: Resection of the Presacral Nerve in Urological Cases, Brit 
J. Surg. 20:139 (July) 1932. 
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Micturition involves a diphasic neuromuscular mechanism ; the phase 
of filling, which is involuntary and requires relaxation of the bladder, 
with contraction of the internal sphincter, and the phase of emptying, 
which is under voluntary control and involves contraction of the vesical 
muscles or detrusor fibers and relaxation of the sphincter. 

The phase of filling is dependent on motor impulses through the 
hypogastric nerves which produce a contraction or state of tonus in the 
sphincter and inhibitory impulses to the vesical muscle. The hypogastric 
nerves also carry afferent fibers to the bladder, which transmit sensory 
impulses, chiefly those of overdistention, with suprapubic discomfort. 
The emptying or detrusor phase of vesical action is under the control 
of the pelvic nerves (nervi erigentes), which carry efferent motor stimuli 
to the detrusor muscles and motor inhibitory impulses to the internal 
sphincter. These nerves also carry a large proportion of the sensory 
fibers from the bladder. The pudic nerves carry motor impulses to the 
compressor urethral muscles and sensory fibers to the deep urethra. 

In cases of neuromuscular dysfunction of the bladder in which there 
is imbalance between the sacral autonomic and sympathetic outflow, the 
latter may be disconnected by section of the presacral nerve. It is 
accessible at the point where it crosses the left iliac vein. 

Pieri was the first to point out the possibility of relieving pain, in 
some vesical lesions, by this operation. Learmonth has reported 4 cases 
in which relief was obtained by operation: in 3 cases for panmural 
ulcerative cystitis and in 1 case for tuberculous cystitis. Not only is 
there relief of pain, but the vasodilatation may produce a curative effect 
on the vesical lesion. Learmonth has also reported 2 cases of sympa- 
thetic-parasympathetic imbalance due to lesions of the cord below the 
origin of the sympathetic outflow, with spasm and overaction of the 
internal sphincter, in which good results were obtained by presacral 
neurectomy. 

Foulds reported a case of this type. His patient had a fracture 
dislocation of the second lumbar vertebra with residual urine, inconti- 
nence and inability to empty the bladder except by action of the acces- 
sory muscles and pressure over the lower part of the abdomen. 

Transmission of detrusor impulses through the pelvic nerves was 
not rendered completely impossible, as was indicated by the returning 
power of erection and the possibility of some sphincteric relaxation 
if enough time was taken. However, the “brake” action of the sympa- 
thetic nerves was too strong for the weakened detrusor forces of the 
sacral autonomic impulses. 

Section of the presacral nerve was followed by relief of suprapubic 
discomfort when the bladder was distended, by gradual reduction of 
the quantity of residual urine to 60 cc. and by elimination of overflow 
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incontinence. There was some loss of sphincteric control which was 
exercised entirely by the external sphincter, but this could be regulated 
by care. 

{CompiLers’ Note.—Elaut * has recently made an exhaustive study 
of the anatomy of the presacral nerve. He has found that it is never 
“presacral” but “prelumbar” because it divides, shortly after its origin, 
at the aortic bifurcation, into the hypogastric nerves which run to the 
side wall of the pelvis and which are always distinct entities at the 
level of the promontory of the sacrum. Sometimes the right hypogastric 
nerve may cross the concave surface of the sacrum, but the so-called 
presacral nerve itself never does. It is exceptional to find a true nerve, 
and in a high percentage of cases it is merely a plexus. In 8 per cent 
of cases, the pelvic mesocolon is inserted exactly in front of the interiliac 
trigone, so that the nerve cannot be reached by simple incision of the 
peritoneum. In such cases the chief branches of the inferior mesenteric 
artery must be moved to the left so as to expose the triangular space 
between the two common iliac arteries. | 


ENURESIS 


Campbell ** stated that there are many definitions of enuresis. His 
definition is the unintentional or involuntary nocturnal or diurnal urina- 
tion in the absence of demonstrable uropathy. This includes only the 


so-called functional cases. 

In a series of 249 children, 4 years of age and older, whose condition 
had been diagnosed enuresis and for whom physical therapy or psycho- 
therapy had failed, complete urologic examinations were carried out. 
Normally, control of the bladder should be established by the age of 
2% years, and with few exceptions children of this age should go all 
night without urination. 

Campbell carefully noted the amount of residual urine. It is one 
of the most important findings in this series, and a point which has not 
been emphasized by other observers, that residual urine is commonly 
present among patients with enuresis. Residual urine was found in 
16 per cent (40 cases, or in a ratio of 1:6), and varied from 10 cc. to 
more than 300 cc. The average amount was between 25 and 45 cc. 
With this residual urine the neck of the bladder is continually irritated, 
and less filling of the bladder is required to cause the conscious desire 
to void. Injury to the upper part of the urinary tract by back-pressure 


61. Elaut, L.: Surgical Anatomy of So-Called Presacral Nerve, Surg., Gynec. 
& Obst. 55:581 (Nov.) 1932. 


62. Campbell, M. F.: Enuresis: Its Urologic Aspects, J. Urol. 28:255 (Sept.) 
1932. 
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regularly occurs with intravesical obstruction and residual urine; its 
eftect on the kidney is of prime concern. 

Campbell stated that the next procedure in the investigation is 
cystometry. A small catheter is introduced into the empty bladder and, 
through a three-way stopcock, is connected with a graduated reservoir 
on the one hand and a manometer on the other. Definite volumes of 
fluid (potassium permanganate) are introduced into the bladder and 
the intracystic pressure is recorded. In his experience with cystometric 
studies of 172 patients with enuresis, only now and then did he find 
the observation of diagnostic aid. In half of the cases cystometric 
values were normal, in a fourth they were indicative of a hypertonic 
state, and in a fourth, of a hypotonic state. 

A plain roentgenogram of the genito-urinary tract is made for pos- 
sible shadows of stones but more particularly for spinal defects, notably 
spina bifida (occulta) which is said to be of unusually high incidence 
among children with enuresis. Among 237 cases, 201 of the roentgeno- 
grams gave evidence of a normal condition ; 34 (14.3 per cent) of spina 
bifida occulta and 2 of sacral deformity. In 1 case, congenital sacral 
deviation to the right was accompanied by motor and sensory loss of the 
sacral nerves, with vesical and rectal incontinence. Following a plain 
roentgenogram, a cystogram was made by filling the bladder to the point 
of moderate distention with a radiopaque solution. The child was then 
subjected to cystoscopy. In 85 per cent of these cases, examination 
was performed without general anesthesia. Cystoscopic examination 
disclosed practically every known lesion of the urinary tract: stone, 
tuberculosis, all gradations of cystitis, prostatitis, verumontanitis, infec- 
tions of the upper part of the urinary tract, neuromuscular disease of 
the vesical outlet, congenital contracture of the vesical neck, posterior 
urethral valves, urethral stricture and many others. Congenital atresia 
of the meatus is the most common stricture, and in a large number of 
cases has been found to be the entire cause of enuresis. Frequently, 
the tight meatus becomes ulcerated. Regularly, there is urinary back- 
pressure behind the obstruction, sometimes with considerable injury of 
the proximal channels, especially the bladder. Campbell stated that he 
had not observed enuresis due to phimosis, but that several children 
had been seen in whom enuresis followed circumcision—unquestionably 
a psychic disturbance. 


Among girls, a high incidence of urethrotrigonitis has been found, 
involving the posterior part of the urethra and the anterior part of the 
trigone. The mucosa is intensely congested, often granular and not 
infrequently edematous. The condition usually responds admirably to 
the treatment employed for women, namely, urethral dilation and 
the application of silver nitrate, either topically or by catheter. 


RCE ED, LIE 2 








628 ARCHIVES OF SURGERY 


Campbell concluded that in most cases treatment is based on the 
urologic diagnosis ; sometimes radical operation is required. By these 
various urologic therapeutic procedures, further destruction of the 
urinary tract can be prevented, and often underlying disease is cured; 
incidentally, the enuresis ceases. One may be assured that when there 
is no demonstrable pathologic change in the urinary tract, normal vesical 
control will be established ultimately. 


INFLUENCE OF GYNECOLOGIC CONDITIONS ON THE GENITO- 
URINARY TRACT 


Stein and Rodgers “ stated that roentgenologic examinations were 
undertaken with the idea of demonstrating, if possible, a relationship 
between changes along the urinary tract of women which are based on 
pathologic conditions, such as fibroid tumors or ovarian cysts arising in 
the pelvis. To accomplish their purpose, they decided on simultaneous 
intravenous injections of skiodan and transuterine injections of iodized 
poppy seed oil 40 per cent. 

The cases in which examination has been made thus far can be 
classified in two groups : those of pregnancy and those of pathologic pelvic 
tumor. In 11 cases injection was by this method; 5 of the patients were 
pregnant, and the period of gestation varied from six weeks to six 
months. In all cases of pregnancy, even as early as six weeks, there is 


dilatation of both ureters, this dilatation increasing with the period of 
gestation. On the other hand, with uterine myomas of a corresponding 
size, similar dilatation of neither the renal pelves nor the ureters was 
found. Stein and Rodgers state their belief that dilatation of the ureters 
in pregnancy is a purely physiologic process, whereas a pelvic tumor of 
a corresponding size, whether fibroid or cystic, is incapable of producing 
a similar dilatation by mechanical means alone. 


63. Stein, Arthur, and Rodgers, Mortimer: The Influence of Gynecological 
Conditions on the Genito-Urinary Tract as Shown by Simultaneous Injections of 
Skiodan or Uroselectan (Intravenously) and Lipiodol: Preliminary Report, Surg., 
Gynec. & Obst. 55:490 (Oct.) 1932. 
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